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Agriculture, Energy and Society 



I/itroduc tion ' 

This^unit contains a mixture of lessons whose^ 
ir.ajor purpose is to cause* the student to' realize 
that food production involves much more in the 
way of energy input than the energy frpm the 
sun. The mass production systenr that dominates 
agriculture in this country, m-fact., can be 
thought of as one which converts fossil fuel 
energy into food energy. And it do^s this at 
a low eff/ciency — no better than 10 to 15 per- 
cent . ^ ' ^ ' * 

^his instructional unit is not intended to be 
critical of the food production system in this 
or any other country. It focuses only on the 
energy component of food piroduction and there 
are many other components which need to be con- 
sidered if comparisons are to be made. To em- 
phasize these energy considerations. and to make 
the lessons interesting to students we have pro-- 
duced lessons wh'ich contrast food production sys 
tems in "various cultures and also lessons which 
look iit different systems and 'techniques in use 
in this country. We also have a lesson dealing ^ 
with the use of wild foods. 

'l^e-hope teachers, and studentis who use**this unit 
will.finci tnese contrasjis enlightening a^id will 
follow our lead in treating' them 'objectively. 
, We do.pot intend^ that anyof the lessons be used 
't>o argue ►for or/^gainst any agxicul tural , practic 
"We do hope% of course, that those who, work with 
these units will come away with better under- 
standing of the relationship between food ^nd ♦ 
en:ergy. ^ * v - 
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Teacher's Manuyal 



Contents 



Target Audience 



PoWn on the Fainn 
Students assess their 
awareness of modern ' 
energy-intensive agri- 
culture. " 



Social Studiqs , 
Science, Career 
Developmeni*- 



Job Outlook in' Food 
Production Students 
choose a topic related ' 
to jobs^ *in agriGul£ure 
for a detailed report. 

The Energy Requirements 
, for Growing pif f erent ' 
Foods Are some crops 
more efficient? ^ Stu- 
^dents fin^ out. 

Energy Efficiency in 
Corn Production Stu-- 
dervts discover the 
economic principle of 
diminishing returns by 
looking at corn produc- 
tion over*^our decades! 



U.S. History, " . 
^Economics , Career 
Development 



Social, Studies , 
Science, Home* 
Economics, Art 



Ma*^, Science-, 
Social Studies 



More and Morfe May Be 
Less and Less: The Law 
of Diminishing Returns 
Students apply the la\^ 
of diminishing returns - 
in a simulation and in 
the^ use of fertilizer 



s yibw of 
3 ^gricuT- 



Comparing the 
Energy in Two ^^gi 
tural Socielp^es Energy 
flow in two agricultural 
systems is traced and 
compared . 



Social ''Studies , 
Economics , U .S . 
History, Contem- 
porary Issues 



Social Studies, 
Science, , Cultural' 
Geography 



Contents 



Target Audience 



Organic Farming? 
Both conventional and 
organic farms are ex- 
amined from several * 
points of view: energy, 
economics, and environment. 

Put the Horse Back in 
Horsepower? The Man' Back 
in Manpower? Students ex^ 
amine the energy implica- 
,tions of the increasing 
substitution of chemicals 
and machines for animal 
products and human power. 

Modern-^ Crop Drying ; 
Direct, Efficient Use of 
Energy Direct use of en^ 
ergy in agriculture is 
illustrated for students 
by the process. of crop 
.drying. 

Herbicides : An Indirect 
Use of ^Energy Indirect 
use of energy, in agricul- 
ture i's shown in this lesson 
on herbicides'". 



Social Studies, 
Science 



U.S. History (20t 
Century Studies) , 
Economics,, Govern 
ment 



•Social Studies, 
Science 



Social Studies, 
Science 



Eating Wild Foods; Is It Social Studies, 
a Reasonable Energy Alter- Science, English, 
native? ,^ Students identify. Home Economics 
gather, *arnd eat wild f oods ^ 
They compare energy costs 
of foods 'from domestic and 

'wild sources. , , . 



1 . Down on the Farm 



Overview The purpose of this lesson is to help you assess 
your s"tudents ' awareness- of the enormous amouhts 
of energy used by our modern mejihods of* food 
production and processing. At the en^ of the 
. , self-assessment you may wish to give students the 
Background Notes. These da^ta will serve, as a 
self-checft on individual responses on-i-the Inventory. 



'arget Audience 



Social Studies, Science, Career Development. 



Objectives 



Materials* 



Students should be able to: . • ' 

1. Give their own assessment of thfe U.^. 
food arid erie*rgy Situation. 

2. Evaluate their assessment with factual 
data. ' ^ ^ ' ^ 

Class sets of the^Agricul ture Inventory apd A(?^EN 

Puzzle . ^ 

Class set oi Background Notes 

(Both can be found at the end of this packet 
in the section called Student Guide.) 



Time Allotment One'class ^period. 



Teactiing Begin- this le,ssOn by asking, "What Vould ydu say 
Strategies if I told you that it takes the energy equi- 
valent of a half-glass of diesel, oil to 'make 
one glass of milk?" Startle students further 
• ' by adding, "Did you know that it; takes the 
energy equivalent of two pound;s of co^l to * 
• ^ produce one pound of t^^d?" "Did you know 

that: it takes t^he energy equivalent of three . • 

pounds of coal 'to make one pound of ground beef?" 

Follow this briefs inti-oduction^, by having! students 
^ ^respond to the Inventorys bn mo^(3ern .agriculture.' 

Allow sufficient time to di^uss^each statement 
and to tabulate the result'fe'tol generate mpre^ji^la^s 
-artterest. Ask: "What factory influenced' your answer 



, Ask> some students to trace the energy in a glass 
of milk (or orange juice) back to its origin in 
•the sun. Have them include processing steps in' 
their tracing, Fgr example: - cutting, washing, 
cooking (if necessary), freezing, drying) and 
packaging. Include the transportation steps; 
from the farm, tp the processing plant, toi storage < 
arid refrigeration in some cases, to the markets, ' 
ev^d finally to the store and home table. | 

Have students report back to the class whelnever 
their micro tracing is completed. The rest of 
the class should turn their attention toward 
reading the Background Notes compdAng. this new' 
infoirmation to th^ir responses on the -Self-Inven- 
'tory. 



Special 
Note 



Providing for 
-Individual 
* Differences 



Have your students mark the Inventory again 
at the end of the entire unit. Re-issue their 
original ones and have students compare their 
responses with their end-of-runit ones. 

* • > • 

Your students may enjoy doing the AG-EN Puzzle 

and Finding the MyStery Word. ^ 
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3. AG-ENERGY WORD SEARCH 
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Hidden in the (diagram are 
sixteen enepw in agr-icul>- 

. 'ture terms that^^u and 
your students will need 
to know throughou^t the 
activities in the packet, 

*Have students try to find 
as many as they can and < 
circle ther^ across and 
down. Then you may wish 
to have students define 
^ach word^ In addition, 
have ^students fill in 
letters for^ the Energram; 
One letter goes in each < 
space. The same letter 
can be used more th^n once, 
E'ind the Mystery Word, 



Answers to Energram : 

1 . £ £ Z I L I 1 £ 

6- ^ Y I E L D 



Answer to Mystery Wo^d : ^ 

1, 2nd 'l^etter in one ' £ 

2, 6th letter in two N 

3. 2nd letteirin three £ 

4. ,5th letter in four (1st word.) R 
.'-5, ' 6th letter in five ^ £ 

6. 1st letter in six y 
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2. Job Outlook irr Food Production 



OverView 



: a r le t: Aud i er.co 



Ob ]oct ives 



Mater la Is 



Tine AllQtnent 



Teaching^ 
St rateqies 



search for the types >of careers rel'ated to food' 
IS carried* out in this, lesson . The investigation 
IS pointed at'^esctibing a particular: career ^and 
predicting fyture trends in careers related to 
food and energy. " ' 

This lesson can bemused in exisTt ing^^egmen ts^ of 
instruction in U.S.^ HiStoV\], Economics, and Career 
Development. ^ ^ ^ 



Stuc^ents should be' ab']^ to: 

1^ pxamine careers in food product^ion. " * 
|£)eterminie the part en'ergy plays^ j.n these« 
jobs'. , ^ ' ' * 



tnda rd 



Standard vocatip^^al sources presently available 
in'most school Guidarice Of f ices , ^ Xi^^ralri^s , re- 
source'' rooms . " (Ant 'example is the ^ Oqcupational ^ 
Qutl<3ok Handbook , Departinfe^nt ot Labor/) • Write 
to the Departmefit of AgricuJLture fprj^ree or low 
cost career pro^iles.^ Address mail 
Agriculture Research Service 
' U.s; department of Agriculture 

. Federal Building • ' ^ » . 

* Hyattsville,* Maryland 20782 

One class period*to introduce the research project, 
qne-five class periods for research and preparing 
the report. * ^ 

Prior to this lesson, it would be a good^idea to 
devote som6 ti*me in class to a discussion of the 
-arapor tance of taking good notes. A lesson 'centered 
"around outlin,ing skiLls will help the studejit, not 
only in his or her notekeeping, but, in the student*-s 
study skills- as well. Stxes^ locating supporting- 
0fVidence for a general statement. ^ 
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- • ■ ■ ■ J 

Developing Have students list the names of ten or ''twelve 
the Lesson careers* related to food production, i^ncludiag- 
those in processing and transporting 'food. 
Deal with' the following, in a career search:,, 

1. Present availability of work in the occu- . 
pation. . 
'2, Present and future earnings. ' 

3, Education and special skills required. 

4, ^ Energy relationship to this particular 
'job. 

Have students include dn their report a descrip- 
^tion telling how a particular career would be 
. * affected by curtailments in en'ergy supplies. 
• 

Questions to consider arec ' 

1. ' How would a change in either the Iprice 

or the supply of natural* gas 'or oil affect 
this .job? 

2. What would be the effect if fuel prices 
doubled? Tripled? 

3. What if electricity became 'increasingly 
» ' expensive? ^ 

T , ^« What if energy conservation measures (or 

rationing) were enforced on a large scale? 

Have students end their report with an answer to 
this qjiestion: "WoS4ld I consider this career 
for myself?" WJiy or)why not? 



10 



ERLC 



I 



> 



3. The Energy Requirements 
for Growing Different Foods 



JVC rv lew 



iirqet Audience 
Materials 



Fams require 2.5 percent of the total ""energy ' - 
used aanuaily in the United States (the equivalent 
of 340 million barrels of oil) ^for food pro'duc tion . 
U'lth the on-qomq "energy crisis" it i3^ imoortant 
to comprehend the varying amounts of enerq^. -neces- 
sary to oroduce different crops.^ tR^s lesSort 
examines energy data for princioal U.S. crops 
in terms of energ^^ efficiency (per^oound and per 
calorie of useful food). Also explored is the 
energy intensiveness of protein production in 
varying foods . * • - 

Science, Home Economics, Art, 'Social Studies. 

bittoed class copies of two tables, 'gra^h and ^ 
worksheet. ' • * 



Oojectives Students should be able to: 

' ' ' '1. Identify the amounts of energy it'takeS 

to produce the food we eat.' 

2. Determine from t,ables and other prepared 
sources that some fpo^s are nor^ efficient 
than others. ^ ^ 

3. Decide-which crooa^ arfe efficient in producing 
food protein from energy sources. ^ 

Time Allotment^ 0;ie-three class periods. 



Teaching 
S tra teq les 



Distribute .dittoed class ^getp of Activity 1. 
Generate class interest by^ asking questions about 
large "numbers : one ^'million, for starters. One 
rnillion hamburqeifs placed en^ to end would reach 
feo the moon. How many times aroun^ the earth would 
a chain of hamburgers qo? ' • Co fe^^overt tually to the 
t'lqure in the overview^ of thi's; lesson, the niimber 
of barrels of oil used annually in ^ood » production 
in the United States. 

Bt^forf havma students coir^.iMete Activitios 1, 2 and 
3, oxNlain tho t^.Tra ratio and cnf:rqy officioncy. 
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Ratios for the Table* v -tivity 1 follow: 



Th£_id'. . y Required to Produce Food Products 
Consumed in a Year by One Person 



Plant Product 



Animal Product 



Food Consumed 

(Ibs/per^on^ 

year) 



Energy Required . 
to Produce Food 
(gallons of oil/ 
person/year) 



Flour & Cereal 


140 


0 


2.2 


Sugar ' 


122 


0 


1.4 


Vegetable Oils 


41. 


8 


3.7 


Fruits 


131, 


5 


i.ygr 


-Potatoes 


104. 


9 


•0.6 


Beans Peas & 






Nuts 


16. 


1 ' 


1.8 


Green & Yellow 






Vegetables 


215. 


1 > ^ 


2.3 


Miscellaneous 


' 14. 


8' 


0.2 


r 


786 




^ 14.1 



Food 

Consumjyfeion 
(Ibs/persbn/ 
year) 



Ratio 
(lbs/gals) 



■ 64 

86 



11 


3 


68 


9 


1 75 


r 




9 




93, 


5 


74 



Energy ^ • 
Requirement 
(gallons of oil/ 
person/year) 



Ratio 



Beef 


• 116 


0 


19.1 


6 


1 


Dai'ry * 


356 


0 


4.7 


/ 75 


'0 


Porlc. 


, 67 


4 ' 


^ 4.8 


14 


0 


Animal Fats 








f — 




and Oils 


14 


6 


3.5- 




2 


Poultry 


52, 


4 


1*6 


32. 


8 


Eggs' 


39, 


0 


1.3 


^30, 


0 


Veal and Lamb 


5. 


5 


0.8 


6. 


9 


Fash 


15. 


2 * 


2^1 


' 7. 


2' 




666. 


'h 


37.9 
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student Activity^ 1 How Much Energy in Gallons of Oil Is 

^ * Needed to Grow the Food We Eat? ^ 



The preceding chart shows the amount of fuel 
American farmers use to grow 'the food we put 
on ou'^ dining tables each year.<" First calculate 
the ratio of food consumed *to energy required. 
Then fill in the blanks with the correct ratios 
for each food product.^ For example, for flour 
and' cereal the ratio Is: 

- Food Consumed - 14 0 Ibs/person/year^ = 64 lbs of food 
Energy Required 2.2 gallons of oil/yr per gallon of oil 

Next, answer each of the following: * > * 

1. Whiqh foods require the. most gallons of oil to 
be 'grown? 

'( Animal products . ) 

2. Which require the least? 

(Plant products,) , \ *■ • C 

3. ^ The energy ratios on- t;he chart are based 

on energy used in farming. The higher the 
ratio, the more efficient the farming pro- 
cess. Wh^ additional infornjation would 
you need in order to say -that a certain 
food product is energy-ef f icient? 
(The total amount of us^eful food in the 

product: 'the amount o'f energy needed to » t 

process, th^-food.) 



4. Wh^ch two animal products would you eat if 
your only consideration*^ was to choose 
energy-efficient products? 
(Dai/ry and j)oul try , ) 
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5. What evidence in t^he table suggests why few 
countries m the world eat a lot of beef? 

(It takes too much energy to produce beef 
* and costs too^much,} 



/ 
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student Activity 2' ^Which Plants are Energy-Efficient? 



When we say a farm crop is energy-efficient, we 
mean that^ Wie ratio of the food energy in the 
plc^nt , to the'energy used in growi^ng it, is high. 
Some crops are more efficient than others-; some 
^ ^ aren'^t efficient at all. Look at the table be- 
'"low. Pick out your favorite food. Is it energy- 
efficient? v; Remember that in reading ratios, the 
higher the number, the more efficient the pl^nt is, 

Look, at the table, theg answer each question^ 

' Table 2 , 



Energy Efficiency Ratios 


for Common Crops 


Crop 




R^ti-Ov- 


Sorghum 




5-. 3 \ 


Corn 




4.4 


Wheat 4 




312 


Soybeans 




2.7 


Oats 




'2.6 


Potatoes 




1>5 


Rice 




1.4 


Apples 




1.3 


Grapes 




1.1 


Tomatoes 




0.7 


Green Beans 




0.5 


Peaches 




0.6 


Lemons 




0.1 



1, Wbich two crops get the best-, ret,urn in food 
energy. from investments of energy used to grow 
and harvest them? 

(Sorghum and corn,) « * • 

<■ 

2, Which four' barely return the energy used in 
their production? 

(Tomatoes, green beans, peaches , and lemons,) 
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Which four are losing the energy-in/energy- 
out race? 

(Tomatoes , green beans, peaches, and lemons.) 

Suppose you are the agriculture, minister in 
a developing, poor nation. Baling your choice 
on, the table above, whio« three crops would - 
you recommend for your na}:ion's farmers?^ Why? 

, (Sorghum, corn, and wheat - ^cause they are 
the roost energy^e*fficient, they give back more 
in food energy than they use in cultivation,*) 

Playing the "What If..." gam^ can give you 
plenty to think about. For example: What 
if... there was a gteat demacnd f€>r more fruits 
a^nd vegetables wor^wide. ^ What effect would 
this demand have on the follQwing: 

^"'^ 

a. The jjemand for fossil fuels? * 
(The' demand would increase,) 



The price of oifl and natural g^s? 
(The price would rl^^ .7 

Having enough food to feed the world '-js 
people? -(Answe'rs wiil^vary If more^^mpha 
is pl^aced on gto.wing ^ i nef fixf ient cropsy the 
total amount >of .'^bod- produced WQuld decline 

Conflict" between rich and poor nations? 
(Answers will vary. Conflict cou/lc) efupt - 
if rich nations were to hoard certain ftyods 
or "put 'unfair restraints on food sales,) 



Student; Activity f . 



How Efficiently 'Do Plants Convert Fossil 
, Fuel Energy Into Proteii?? 



*Examine the graph below and compare crops in 
tepns protein produced -fo^ each (init of energy 
put --into ^ts cultivation. Then answer the questions. 



,4 



3 . 

I 



• soybeaa 



2 4 6 
Farming Energy Input (Kp Meal acre year) 



•rice 



♦green bean. ' . 
10 12 V4 16 J6 20 S W J&*2B 



I, 'Which five crops are the most efficient at 
producing protein?* Are these' five grains or 
vegetables? ( Soi^h^ians sorghum, o.^ts , whoa t 
and corn. Grains.) ^ 



2, Which four are least efficient protein producers?^ 



■k. 



3. Soybeans are'hiqlily efficient in 'producing 

"^'protein. However, a great deal has to be done' 
to ma>:o them appealing bo taste. How does' this 
statemenft help explain why soybeans generally 
are fed to animals and not to humans? ^ 
(Th'' i::imic'. c n n \ r t thi' protein into tissue 
t h^i t ? ^^ns 'iiPrJd bu bumdns . ; 
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Much of 'the' delight of eating 'is ^)rovic?ed 
by animal protein,' Getting our 'protein this 
way .is expensive. How can 'the informatiop 
on the graph* help you decide to eat soybur- ' 
gers sbmeday?- What wQuld liaVe ^o 'change fo-r 
you first? (More people could get nueded^ 
prote'172 ^atf lower price. Food tastes a^d 
d 1 1 1 t Lidos^^oul d have to^chapge,)- ^ \ 
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^ 4. Energy Efficiency in Corn Production 



o 



, Overview 'Th*is lesson provides a look at the principles ^ 

of diminishing returns by examining en'ergy ef- ^ 
. , ' ficiency of corn^production ' in 1945, 1954, 1964 ' 

.-^ 'and 1970. ^ • ^ ^ . ' 

Tarqet Aucii,eni;^e Math, Social Studies and Science. ^ . « 

Objectives Students should be able to : £ ' ^ 

1, Compare changes in productivity rel^^tive- 

to changes' in energy efficiency, - '^^ *^ 

2, Discover that energy efficiency cannot be 
^ returned to its 1945 ^tate. 

Materials Dittoed class sets of . student ^ worksheet • 
'V • " ' • ^ . • , 

Time Allotmant One class period, ^ ' , * / - 

Backgroynd As taxpayers and future votdra/ ]^ur^ students need 
Information ^ ^:o be acquaint:^ with the problems with ^*i?i*i?chj modern 
farmers contend. The sfarmers* product |^ sorrie^ o ' 
thing we all mus'^t have» to survive, items ' ' 

have increased^ most rapidly iq. price in the grpcery 
stiore? How are th^se Ltems related to high energy 
prices?^ How has their price been affected by the * • 
availability of energy? Answers to such intr<5ductary 
questi'^ns as these lead students- into a "discussion' * 
of the ways an oil shortage or the high prige^ of 
foojistuffs ireach out to affect their owni^ lives, • 

Lead the class into a consideration' of the^pro- ' 'y^* 
-ductivity of- the American farm. Mention €hat f arms'' 
in the United States continue to increase prpductivixy,/ 
but at the expense di a, tremendous inVfe's^ment in 
' fossil fueL energy, The^tre'nd is that we ^must put 
in proportionally greater amounts of energy for 
each unit of output., / » ^ . • . '! 



• 
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Teaching ^ Turn to the student worksheets and suggest that 
Strategies'* the s€udents readoyer the material and , the tables 
an^ answer the questions. 



' -9 
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Lesson 4": 



ENERGY EFFICIENCY IN CORN PRODUCTION! 

5 



A WORKSHEET 



Introduction. 




Background 
Inforirtation 



lilab^Le Data 



This VKirksh^et provides some information and data 
onj^e fbs^iT fuel energy Used to produce ~ , ^ '-^ 

?rn. The ^ energy -content of the corn produced is'. 
so provided. After reviewing the background 
. information and the av'ailable data yop should an- 
swer the questions. 
*■ 

Agricultu5|g is nqv experiencing an unusual com- 
bination of circumstances. Farmers 'must contend 
with tlie recent energy price increases and threats 
of fuel' shortages as ±hey attempt to, meet c^n un- ' 
precede^ted demand fOr farm products. The operation 
Qf machinery, the production and application of ^ 
fertilizers, and the drying of crops for Sjiorage--*-^ 
f-equir'e the use of large ampunts o^ energy which 
may continue. to become more expensive and less 
available. ' ^ V - / • \ 

The success ,of agricultural production^ in ^he 
future, 'may dep^fid on our ability to fully under- 
stand how much ejijgrgy. is used in agricAltij(re and ' 
on our ability to develop mor^^-ef fici^t-^methods - ^ 
of crop production. 

r % 

Yoii should be able to, use the information in this 
section to determine b6w effit:iently corn' has been 
produced relative to energy. The data was collected 
from an article published in Science magazine ort ^ 
Novembear 2, 1973. .The title^of the article was 
"Food Production and the' Energy (5ri6is"t Yotf may 
wish to read that article ^ order. to obtain a com- 
plete understanding of the, use of energy on the 
farm. ' • ' 
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GROWTH IN ENERGY USE IN CORN PRODUCTION 
Fossil Fuel Energy Inputs (Calories/J^cre) 



1 

* 

Inputs 

, ~ J 


l-;^45 


1 ^ . 1^54 * 


/ ■■ 
^ 1964 

' — 


, 1970 * 


Fuel ' 


543 , 400^ 


1 ' 

688 , 300. 


760,700 


797,0 00 


Nitrdgen 




; * / 






Fertilieer 


. 58,800 


1 226,800 


467,200 


940,800 


Pesticides 


0 


' 4,400 


15,200 


22,000 


Crop Drying 
1 1_ 


1(J,000 


•60,1>00 

-i 1 


i?o,ooo 


120,000 


1 TOTAL 

1 


92 5,500 


' 1 ,.548^300 


2,24i;900 


2,896,800 



CGP}i PRODUCTION (pei; -Acre) 









\ 


p: 


. Year ^ . 


Amoun\ of Corn 
Produced (bushels) 


Energy Conte 
of Corn (Cal 


ht 

ories) 


1945 
1954 
1964 
i970 


32* 
• 41 

68 
81 


r 


'3 ,427,200 
. 4,132,800 
6 ,854 ,400 
8'^, 164 ,800 






1 — ^ 


J 







Ai}alysis . Tbere are many ways to evaluate the productivity 
> of the farm. One method reqliires measuring the 
^amount of corn produced during dif f erent' yearrs . 
^ Another method requires the /comparison of the ene 
uslBd-to produce yie corn wirh the amount of' food 
energy harvested At the end of th^ growing season 

You may use percentages express the change in 
corn production. 'For example: 4tk 

^ • ' C 
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* 1945^ = 32 bushels 

1954*'= 41 busheks ^ ,^ 

/ I V " amount of increase 
Percentage Inci/ease = original amount x 100 

•Percentac^e Increase = _9* ^ ^ 

32 X 100 = 28%-'^ 

Prom this example you can conclude tha^t the .corn ^ • 
production in 1954 was 28% grea^ter "tharv the corn 
pro^wction in 1945. -si v* ♦ 

1, What was tke percentage increase, in the 
corn production during the 24 years foL- 
■ lowing 1945? * % 

(It increased 15:i%,) 

You may also ^use numeijical ratios to. expj;'ess the 
change in corn production^ For example: ^ 



1945 = 32 bushels 
> 1954 = 41 bushels^ ^ ' ^ ' , ; 

1954 production 
Production Ratio-- 1945 production ' 

41 ' - , \ 

^ Pro'duction Ratio 3^^1.28 

Frqm this exeuhpl^ you can conclude that the corn 
production in 1954 was ^1.28 times greate^ thfen the 
cornT production -in 19j " 
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2. How much greater ^a& the corn produttibn 
' . y^iin 1970 than in 19459 

(2^53 times * greater , ) *■ t 

You may also^ compares^ the energy used to grow the 

V Note: The '^'energy corn with the food energy produced. This coi^pari--. 

input" use<5 in the son carl be expressed as a numerical ratio called ' 

» ratio is not all of an energy efficiency ratio. Foi; example: ' 
the enefgy input. ■> 

Efficiencies can't r945 Energy Ihputt= * .925 , 500^ Calories 

be greater than 100%. 1945 Energy Yteld<= 3,^27,200 Calories 

' Energy Yield s 

.JEnergy Eff leniency ^Batio = Energy Input > 

' ^ ' ^,427,200 Calories 

^ Knergy .Effii^iency Ratio = 925', 500;) Calories 

^Energy Efficiency Ratio =3.70 

. ; ^ ' ^ 

• , From this exafttple you can conclude that the 
energy yield in 1945 was 3.70 times greater . 
tha'n the* energy used to produce the corn. 

* —A 

9„ ■ \ 
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What was the energy efficiency ratio * 
for (torn production in 1954 , 1964, and 
19J0? 

(Energy Efficiency Ratio = 2.66^^1954); 
3 , 05 (1 964); 2 .""S^^ 1 97 0 ) . ) 

What has happened t<:^ the energy effici- 
ency of corn production during the 25 
yearl following 1945? 

(The productivity has increased, but the 
energy efficiency has declined.) 



5. More and More May Be 
Less and Less: 

The Law of Diminishing Returns 



» 

Overview In this lesson your students act' out a simplified 
repres^entation of the law of diminishing returns 
^ in the form of a cooperative game. .Then they will 

apply the principle- to energy use in modern U.S. 
agriculture. 

* « « 

Target Audience Economics, Social Studies, U.S. History, Contem- 
porary Iss\3fes classes. 

Objectives Students should be able to:^ . , . 

1. Explain the concept of the LaW of 
Diminishing Returns. 



Materials Large supply of 3 x 5 notecards ox pieces of 
construction paper ^^^^ 
Scotch tape 

Dittoed copies of Student Worksheet 

Time Allotment One-tyo class periods. 

Background ' To" feed the rapidly inrcreasing populations of the 
^ Information world, farmers must continually increase their 
(Teacher Use food production. They have traditionally done 
0 Only) this by increasing the amount of tillable lands, 
developing irrigation systems, using, advanced 
machines, introducing new seed strains, applying , 
pesticides and increasing the amounts of ferifcsQizer. 

Because, of population pressures some of the more \ 
productive farm lands (which are more ef f ic-ient)^'" 
are being paved over by shopping centers, high- f 
ways, and homes. Options for replacing the crop 
yields lost through construction are primarily: 
(1) bringing into production reserve marginal 
land; and (2) more intensive agricultural prac- 
tices on existing land. Neitjier option is ^ 
gained without a sacrifice 
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The vtrade-of f is the necessifey for an increased 
application of energy. Put simply, it takes more 
energy fo cjrow each unit of food. This 
phenomena relates to •a principle found in 
both industrial and agricultural economics — the 
law of diminishing returns. 

Vou can promote student interest in this lesson 
by having your students get involved in producing 
something — it can be anything, but for simplicity, 
let the product be, say, a notecard that is to be 
folded in half, and taped closed. You may imply 
that the "product'* is a very A/aluable one, ^nd 
that the class will be makincf as many as ^ they can 
within a prescribed period j6t time. Introduce 
more liveliness by sugg&s;feang that they want to 
make as many; of these va/uable "whatevers" as 
possible so that they ..can corner the market o;: 
haye a monopoly- of the sales. 

Choose two students to act as timer and recorder. 
The timekeeper will need a clock. , The recorder 
will need to put a grid similar to t^^^is one on 
the board; 



Minutes / Number of Students 



1 


2 


3 


4 


, 5 













Have fifve student volunteers as production worHers 
The production should begin with one student 
folding and taping as many of the "whatevers" as 
he or she can make in one- minute. Th6 result 
should be recorded on the grid. After the first 
minute, begin production with two workers-, both 
'dbing the same thing. Third, fourth, and fifth 
workers are added at minute intervals. Each turn 
will provide one minute for the workers to produce 
their maximum output* However all' ingredients 
must be kept tonstant; the only variable allowed 
is 'the labor input. The production areas m*ust 
not change. 

Shut down the* production line* and suggest that 
your students look at the data that have been 
recorded on the grid. Ask: What happened to 
production as more people were added? Did produc- 
tion increase by equal amounts? ^ Did the amounts 
decrease? Increase? 



To illustrate the point more clearly, you may ^ 
wish to construct; another table on the chalkboard, 
such as the. one below; 



r # Students Output * Change in Output 



• . 0 


« 


0 - 0 


1 . . ' ' ' 


2 






3 






4 ' 


5 






Why did output continue to increase, bu't by de- 
creasing amounts? How could production continue 
to increase by ever-Increasing amounts? If 
students have too much difficulty with the prin- r 
ciple of diminishing returns in operations, re- 
turn^ to step-by-step questioning. 



J^at factor of production (land, labor or caoital) 

was used iri increasing quantities? (Labor,) 
V^at factors of production were fixed (in quantity)? 

(The cards f work area, tape.,) 
When the number of workers was doubled, 

did the production double? 

( Probabl ynot,)^ 
At what point in the labor did the extra' 

output begin to decline? 

(Probably a f ter^ the add it ion of the 

fourth^worker - ) ' 
What is"^ln[ieant by diminishing returns? 

(As increasing quantJLties of a resource 
^ are applied to a given quantity of all 

other factors, in^re'ased output obtained 

in^ the .extra quanti tie s of the resource 
^'will eventually decrease. ^ ^ 
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student TA BLE I . ^ . ' 

, ' Questions ^ 

/I. What factor of promjction is used in in- 
, . ^ creasing quantities^ 

i Ferti 1 i zer . ) 

* 

^ . ' 2. How much is the chan^ each time in fer- 

tilizer? . ' 

(Fertflizer increases' by 40 pounds each time.) 

3. What resources must you assume are fixed in ^ 
quantity if you are to apply the' law' of 
diminishing returns? 

^ , Mc re age, seedcorn^ weather, etc.; 

* «^ 

4. What is happening to the total production 
of porn? 

(It IS inc reas ing at a dec reas i ng rate^» ) 

5. What do you think will hapf5>en to the corn 
.yie'ld as the application of fertilizer in- 

4 creases above. 200 pounds per acre? 

(No increase in extra yield will take place^ 
with mo^re fertilizer Spplied, There is only 
4 so much fertilizer t/i.at can he " applied to 

^ the same ground and to the same kind of - 

'seeds , ) ^ . *' 

, 0 * 6. Under what circumstances would a farmer con- 

' tinue to use more and more fertM-izer if he 
gets a smaller and smaller i:eturn? - 
Ms long as the cost of the additional fer- 
tilizer IS less than the money he earns 
selling the additional crop, it pays -to use 

^ the fertilizer,) * . » 

7. Aside from profit, what other factors might 
. . a farmer consider in choosing to -use more and 

more fertilizer? 

(Is this the ^,est use of a scarce resource? 
*" ^ Can the negessary food produced without 

that energy? How much of an env ironme^ntal 
'impact does the fertilizer have?) 
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Extending 
the Lesson 



The lesson has dealt with the application of - 
enrergy in the ^orm of f-ertilizer." The law of 
'^diminishing returns works for all the factors 
of production. The ' following chart shows what 
happens when only the amount" of human energy is 
changed. This chart assumes that all other 
factors have been held constant. 



Student 
Questions 



TABLE II 




Whaty^appens to the total product? 
( It Xincreases for most of the time at a 
decreasing rate. After the eig-hth worker 
the total product decreases . ) 

Which additional worker makes the greatest 
difference in output? 
(The sepond worker,) 



3v Which additional worker-red^^ces the <total' 
product? , " ' 

(The eighth worker . ) 

4. Why might ^this 'happen?? 

^ (Answer's may vary , There may not be enough 
equipment for all workers ; they may get in 
each other's way.) 
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6. Comparing the Flow of Energy 
in Two Agricultural Societies 



Overview 

Target Audience 
Objectives 



This lesson looks at the flow of energy in. modern 
fossil fuel agriculture and in -a .hon-fossil fuel, 
simpler form of agriculture. 

Scieace, Social Studies, Cultural Geography. 

i 

Students should be able to: 

1. Trace energy flow in a "siash and burn"' 
agricultural system. 

2. Compare "slash and burn" agriculture to 
modern fossil fuel-based agriculture by ^ 
interpreting "energy flow diagrams. 

3. . Compare input-output ratios in two agricultural 

systems. > 

4. Explain why "slash and burn" gardening can- 
not support a modern society. 



Materials Dittoed class' sets of flow chart key and' three 
flow charts. 

Time Allotment Five class periods.. * 



Background 
Information 



(The business of agriculture is to gather the stored 
energy in plants and animals. In modern agriculture 
fossil fuel energy has largely replaced muscular 
energy. Very little fossil fuel energy, spent 
in plowing, cultivating> , fertilizers, pesticides, 
irrigation and harvesting, is converted into food 
ener^ by the crop. These energy investments 
merely help crops convert the epergy of sunlight 
into the energy of food for human beings and animals. 

The non-fossil fuel agricultural system goes by 
different names around the world; «for e.xample, 
swidden farming (ftom the word, singe, meaning tq 
burn) , slash-and-burn, slash-mulch^ hoe-and-burn, 
.and shifting (digging and moving) ♦ cultivation. 
Sometimes it goes by the simplie name of gardening . 
Whatever the label, this .type of agriculture feeds 
over 200 million people every day. 
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Teaching 
Strategies 



5rop£ 



This type of acgriculture is extr:errfely stable. 
Its stability is partially related tfc the numerops 
feedback loops of energy iji. jit . There is littlef 
af any, energy input from outside the system. 
This IS in contrast to'the modern farm which • 
utilizes out^iSe energy inputs to perform tHe ' 
. services necessary^ to, keep the system stable,. 

There are many variations of the gardening system, 
but us^ially the trees and underbrush are cut ^nd 
, burned,, seeds are -p^lanted in the ash-rich soil, 
the crop is weeded by hand, and the crop is har- 
vested. The field i^::t5en abandoned after two 
or three years and lefAT to lie fallow fdr several 
more. At t)\e end of the fallow period t;he farmer 
cuts the Vegetation and again repeats the/croo * 
cycle. ^ ^ • 

Discuss the typepf gardening known ks "slash-and- 
burn , using, the Background Inforaation as a spring- 
board. Ask students to research a specific primi- 
tive agriculture system on either the African, 
A^ian, or American continent, or in places »and 
times in history when farmers had no power , sources 
other thar^ fire and their own muscle and had^onlv 
the simplest tools. . , 



Encyclopedias, anthropology texts, and embassies 
of selecti|d countries will provide an in^i:ial 
soi^rce of information. S4:udentS\ could* work on their 
re^.^a^ch projects as individuals or in small groups. 
, le tiAie allocated could be either short, providing 
for Only a cursory overview, or of longer duration, 
depending upon your objectives and student interest 
Oral; reports , displays, pictures, could serve^ as 
a means of excha'nging information on non-fpssil 
fuel agricultural . systems . 



Develbping Show the symbols for charting energy flow (Figure 
tlVe Lessbn^^r^i.. 1), Go over the definition of each symbol. Divide 
the students into groups of two to four and assign 
the task of using the symbols to complete the chart 
on Worksheet #1. Their goal is to develop an energy 
flow system which charts the cultivation (by use, 
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of hand tools), irrigation, application of pesti- 
cides, harvest a^id oreoaration for consumption of 
a crop of peas grown in the "typical" home garden. 
You'll probably need to work* closely with the ^ 
groups so that they will be successful in charting 
the energy flow. . ^ "* . 



' Special ; The main purposes of the charting exercise 

, • , Note for the s^dents are: (1) to gain a 'Working 

definition of each of the variables^hijjh ' are 
'. * involved* in food production in a ^all garden 

plot,^and (2) to apply this knowledge, to inter- 
pretiYig *the energy flow charts of both shif tin'g 
and^ossil fuel based agricultural systems,' 

After the groups h^ve finished the assignment, 
prepare a compo^He of their ideas vOn an over- 
, head transparency or the chalkboards This will 
. ' ' ' permit you to reinforce the major., concepts in 

an energy flow System and to clear up any mis^ 
conceptions held by* the students. 

Student Assuming your -studenl^s have developed a working, 
Activities 2, 3 -unders tanding t>f charting energy flow, have them 

compare^ and contrast the flows in gardening and 
^ modern agricultural systems. Help them answer' 

the set of questions, that accompany th^ two charts. 



35 



33 - 



ERIC 



r 

k 



\ 



Comparing Two Agricultural >6ystems 



- % 



V 




Charts 2 and 3 t^oth outline agricultural systems 
which grow corn.' Follow the energy fXow in both,, 
then answer the questions. 

"* • ♦* 

1, What is the unlimited energy sol^rce in both ' 
systems? ' t 

(Sunlight.) 

2, Where does each system draw upon stored energy? 

(In gardening a^rlcul tura^ stored energy ^s, 

dra^n f rom crib corr ana seed corn . For 

the mechanized farih stored ene^y is drawn from 

heat, hybrid seeds, irrigatio^, ferti 1 i-zer , ■ 

insecticides, herbicides, transportation, max:h- 
mery and power,} ^ 

3. Where is energy (in -the form o? heatp) lost in 
each system? , • ** . 

(For each dystem tfye s^tudent sfiQi^ld describe 
energy* lo^s each time the symbol ^ encoun- ' 

tered m each chart.)' * ~ 

4. How do the following interac't in a gardening 
agricultural system to produce .a corn crop? . 
Use Worksheet 1 or 2 to locate -the interaction* 

Sun * s energy 

Seeds . -* . . 

Soil ^ ^ ' \ 

Work done by the farner * ^ 
Weeds 

Collectmq and storing corn 

(For thf qardtynm; .i^ r laul ture ' energy flow did- 
' r jm , Sif 1 I conditions (water and nutrients) arc 
" }"'Wn to 1 h t'O r 'it. t With enodq i/ ir^u t s , - s eed^ , 

<j:>'J wo > k rf'yfi'rmi'd by r^crson to produce ^.corn 
'r j; . /i.ov; s l.- /i od'T'."; jnd^s<e>il conditio^^ intoz- 
i t f , ) I'l ),Ji2.:( w-'t'^Is , ,v'^^-d.s ctnd woi k by fa rme^r 
*. N'Tciff t 'J df< r^.i^f r, r number^ of we ads, -far- 
' • ' ri * t f i * > ^, 1 t h ^ i rc (?rn *c rop to^io / i tjc t 



/iTich system qives the largest yield? By how 
much? How many times greater? 

f 7 hf* I <i r ^*est u 1 e 1 d is : rom the mechanized farm . 

'J0,OO0,lW0 l.SCOrOOO = ] 3 , 200 , OOQ^ Ki lo- 
c'd 1 o r I s per acre per year 

1 , 800,000 X r - 20, 000^ 000' 

Y times greater production.) 

Compare the two systems -in terms of the- human energy 
needed per acre per year. Which is the greater? 
By how much? How many times greater? 

( ^0 r o ent^^rgy is expended by the gardening 
r 1 ciu 1 tare fa rmer , 

o0,00i^ - 12, 000 = 43,000 more kilocalories 

pe r acre per yea r 

60,0 00 - 5 times more energy expended) 
12 , 000 ' * ' \ 

•Complete this statement. The yield of the 

mechanized farm ds approximately times 

greater than that: of the gardening system. 
While the fa'^rmer on the mechanized farm did only 

about times as much work to produce * 

thfe crop . ^ 
J 11 ; -one-fifth. ) ' ' ■ 

In making your comparisons, why wouldn't it be 
quite fair to compare only the energy expended - 
directly by each farmer? ^ 

(Because in mechani'z'^d f arm.^ng , the farmer is ^ 
dependent on other syistems in which human energy \ 
IS expended (for example , the manufacture and 

1 ivery of pe^t ^ cides a^nd fertilizer, and ^the 
groining and development of hyj>rid seeds). Iri 
a ga rden i^ng agri cul tura 1 sijstem,' the ^^rmer is 
the only SQurce of human energy*. ) ' « . 

i 
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Calculate the output in kilocalories' for each 
•one (1) kilocalorie of input. Do this for 
each system, mechanized an<J gardening. You 
wil'l need to know that, in additioi> to hvunan 
energy input in the mechanized system^ there 
IS also 7.14 X 10^ kilocalories of fossil 
. fuels. 



( output) y'iel d ^ = ratio of 

(input) TabOr + fossil fuel output to input 



(Gardening Agriculture: 
yiechanized Agriculture i 



10. 



i ,800 ,000 = 30 kcal 
,60,000 + 0 

20,000,000 ' * 

12,000 + 7fl40„000. 



20 ,000 ,000 
7,152,000 



2.8 kcal) 



The above ca^lculations show, that mechanized/ S . 
farming is less efficient relative to ^ener^y 
input/output. Why are many of -the rareas /. .- ^ \f> ' 
that formerly used a gardening system ±^ix<s^ 
ducing more mechanized 'farming? X\. .'yy\ j^' 
(Possxble^ responses should^ include ^i^&sC 
that gardening supports a very Idw^jiiu^ 
people per acre pen year comp\rei^}^^^^ 
nized farming; therefore mechanif4d'l$^armin^^^ 
introduced to feed the t incrf^rfsiiijgrfjoii^^ 
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7. Organic Farming? 



Overview 



Target Audience 
Objectives 



Materials 

Time Allotment 

Teaching 
Strategies 



Developing 
the*' Lesson 



The debate concerning organic faArming .vs. 
conventi5onal methods centers around the im- 
pact agricultural chemicals may have on -the 
environment. However, as the costs of agricul- 
tural chemicals have quadrupled, so has the 
concern for the economic usefulness of large 
amounts of chemicals. ^Jrff^his lessoii, students 
compare the economic end' energy implications 
of both methods of farming. 

Science, Social Studies. ' ' ^ ^ 

Students should be able to: , 

1. Discuss the results of comparing econo- 
mic and energy factors of organic farming 
with those of inorganic (conventional) 
farming . ^' * 

Dittoed coDies'of Student V^orksheet. ^ ' 



One class period. ' 

Begin by .discussing the topic of organic farming. 
You may wish to .bring putij^cations such as the 
Mother Earth Newg, to class and distribute group 
copies. Or you may "wish to develop the association 
between organic fanning and health food stores. 
Such an association may serve to initiate^ dis- 
"cussion and spark interest in 'the lesson. 

^Distribute copies of Organic Farm Worksheet and^ 
tell students that the information ^^oncerns two 
kinds of farms. At the end of the reading period, 
suggest that they answ^er the questions. . (The 
activj^ty part of the lesson m^y be used as a home- 
work assignment or completed in class.) Discuss 
the answers in class after your students have 
complete(5 the questions. 
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This discussion Shoul4^^1nclude .the various aspecfe 
of using both methods. Questions could prox:eed 
along these lines: (10 , VThy do fa|:mers aisb fer7 
tilizer? (So that tfye crops will' mature com-' 
pletely. Fertilizers are used to increase quan- 
tity and quality of crops.) ' (2) What types pf \ 
fertilizer can a farmer choose from? ' (inqrganic 
Qrganic, combination of both.) (3) What fac- 
tors |nust the farmer ' cons ideK^^^bgf^ajpG making' a 
choice? (Cost, quality, availability, feasi- 
bility of use . ) 

-7 ' 
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CORN CROP PRODUCTION 



> 


Conventional 


*Organic 


; 


1974 1975^^ 


1974 1975 


Value per Acre of Corn 
P'mi^Tir' inn Pncst-q npr Acre 
Net Income per Acre 


$172. $193 ' 
$ 46 $ 54 
$126 $139 


$l59 (^^$169 
$ 28 $ 34 
$131 $134 


ENERGY USE/DOLLAR INC0r4E 


IN CORN PRODUCTION 






Conventional 


' ' Organic - 




1974 1975 


'1974 1^975 


. ' Calories per 
dollar of income 


4,325 3,750 


1,800 1,650 



• student After reading the introduction and reviewing 
Questions the available data, you can complete the fol^ 
lowing: 

1. How can you explain the smaller value of 
the corn yield on the organic farm? 
(Answer^ will vary, Help^^students see ' 
^ that conv^n tional farm methods apply large 
amounts of fertilizers to produce record 
crops. Organic farms use natural fertili- 
zers from farm animals and plan'ts.) 



« 

. 2, Since the 'energy^requirement for the pro- 
duction of inorganic fertilizer is approxi-- 
mately eight times that of organic fertili- 
zersVwhy are the production costs for a 
conveirfe^onal farm and an organic farm so 



drastically dif f erent?^^what contributes to the 
costs of organic and inorganic farm fertilizer 
use? 

(Vse of natural fertilizer requires more use 
of labor and/or machinery , Farmerrs must pay for 
commercially produced fertilizer as' well as for 
applying it,) 



Suppose you want to farm organically. 

What might you have to consider before- using 

this method? 

(The organic farm will not produce as much 
corn as the ener gy- intens ive conventional 
farm. while both methods require labor] 
the organic farmer may have to do more field 
work. Fertilizer' prices may continue to 
increase . ) 



How does the average income per ^cre in 
the. .years 1974-75 compare on both farms? 
Cioth have the same average yearly income per 
acre . )^ 



5, How do you think an dnet^y shortage would 
affect the choice between organic farming 
and conventional farming? 

(The organic farmer uses much less fossil 
fuel energy than the conventional farmer. 
Energy shortages may cause many conven- 
tional farmers to consider switching to 
organic farming, or to farming , using a 
bit of both methods,) 
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How much energy in calories per acre could 
be *saved if all corn was produced by organic 
farm methods? Use 1975 figures. 
(139 dollars/acre x 3750 cal/dollar = 

521,250 cal/acre. 
134 doll ats / acre x 1650 cal/dollar = 
- 221,100 cal/acre 

521 , 25'0-221 ,10^0 = 300,150 cal/acre,) 

What additional information, would be 
valuable if you had to decide whether or 
not to go into organic farming? 
(Answers will vary , e ,g , , fuel prices , how 
to produce a better and larger crop, de^ 
tails on using a combination of both 
methods , ) 
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8C Put the Horse Bock in Horsepower? 
The Man Back in Manpower? / 



Overview 



Target Audience 



Objectives 



Materials 

Time Allotment 

Teaching 
Strategies 



The main purpose of this l^son is to present 
to your students the infojpftfation concerning 
the substitution of machines and agricultural 
chemicals for human power and animals over the 
last sixty years. 

American History (20th Centuty Studies) , Econo- 
mics , Civics or Government. 

Students should be able to: 

1. Identify the cause (s) that lead to sub- 
stituting resources and^eftergy sources. 

2. Analyze the effects of resource substitu- 
tions on the rate and amount of energy 
use, 

Dittoed class se ts of O'ablef I aftd II 
One class period. 

Begin the lesson by giving the class some data 
about the growth of food production and increases 
in farm productivity in this country in this cen- 
tury. For example: in 1909 corn production ^ 
averaged 26 bushels per acre. In 1971, production 
averaged 87 bushels per acre. The value and 
amount of farm production has almost doubled 
since 19^40. 

Ask the class to name the factors of production 
in farming. These dre land and the natural or 
man-made resources such as fertilizer, labor., 
caipital, .and management. 

Ask the class what changes they think have 
taken place in these factors £)f production. You 
can point out that between 1^0 and 1970 the total 
farm population dropped from approximately 30^ mil- 
lion to nine million or from 23% of the- popula- 
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tion to just over 4% of the popul^Tion. Machines 
and chemical fertilrze'^s have helped to^'make each 
of these workers so much more pxoduotive. 

Developing Distribute copies of the student \l?orksheet. 

the Lesson Explain that the informatieil on ttie table is in 
the form of an index. %k index is a system of. 
numbers. These numb^.cs indicate change in quan- 
tity as compared \?iifh quantity at some point in 
time. For exampl^ the number of if arm workers 
* in 1970 IS compa^d to the number |of^ f arm workers 

in 1910. In Table 1 the base yeari is 
. 1910. 'jDable I indWes^ the (Quantities of farm in- 
puts . K^-^ 

For every hundred farm workers in 1910 there 
were 27 workers in 1975. For ever^^ 100 tons of 
fertilizer used in 191D, 2,262 tons were used 
in 1975. ** 

Table II indexes the, value of farm resources. 
In this case the base year is 1950. If a unit 
of fertilizer cost $100 in 1950 , it' cost $103 
in 1970. If a unit of farm" land cost $100 in 
1950, it cost $194 in 1970. 

^In looking at the-'chart the students sjiould note 
the great increase in farm wages as compared to 
the relatively constant cost of fertilizer. 



Lead the class to a discussion of why the farmers 
have shifted^^in their use o^ the factors of pro- 
duction. Farmers,, like all business people, are 
interested in the cost-effectiveness of decisions. 
How can they get the most production for the least 
cost? 

Ask the class why they think the value of farm 
real estate has grown so much. . Answers could in- 
clude the cjrowmg population, the movement out of 
Cities and into suburban and rural areas*, the re- 
duction of available farm land. . 

As' farm land qrows more and more valuable, what 

d^:jCi::ions ::ught a farmer make? [Answers could in- 

. : . i - n . : t> intensive use of th'e land which in- 

y > ^ ' ^> iji'c i V'-' r use fertilizer and other energy 

1 ■ - " ' ' > o ^ r : s . r h^i r f armor s have chosen to 
- ^ - • 1 f . .i n-j bi': ciusc t h V v n nuke more money . 

' ' ■ y / : ' > ?\ ^ :nt t r j t i raise the price of , 

^ \ ' ^ ' ^ ' I.'' I p . / r their i nc reas i ng cos ts 
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Cone luding 
the Lesson 



To -Understand the reasons for the substitution 
of capital for labor and animal power, the stydents 
should have some^nderstandmg of the concept of 
productivity . The following simple illustration 
may help explain the concept. 

A farmer has a herd of dairy cattle which 
give 100 gallons of milk per day. Th'e farmer^ 
and three farm hands milk the cows. The' farmer 
replaces the three farm hands with a milking 
parlor which he operates. This is a change 
in productivity, since output tmilk production) 
divided by input (labor) went from 100/4 to 
^ * 100/1. . The farmer, using the machine, is 

mor,e productive than each person was working 
alone. In this case, tatal productivity has 
remaineB tl^ same. 

Ask the cla«s .what factors the farmer should 
consider before replacing men with machines. This 
is anoth^er .question about cost effectiveness. 

Ask how the situation may change aa the price of 
fossil fujiJ energy increases and becomes more . 
scarce. Answers could include an increase in 
farm prices, , a reduction of crop production or 
a ^return to more labor intensive production. 

Discuss the reasons that the productivity, of one 
factor of production such as energy or labor may 
increase or decrease, at a different rate than 
the total productivity of all £he factors of 
production. ^ , v 
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Student TABLE I 
Ques tions 



What conclusions can rvou 'draw from Table I 
about changing factors of production used 
in farming? 

(Each decade has seen a rapid rise m ma- * 
chmery use, chemical fertilizers , and a 
decline in the usls of human and animal labor,) 

Which factors of production have declined 
in use? 

{Use of human labor, use of ai 



\ 
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. animal i\abor.) 

Which have increased? \ 
(Power and machinery , ) 
Whicl^ have stayed about the same? 
^(Value of real-estate, ) 

3 J As the use of farm labor, horses and mules 
has declined, what >f actors of production 

^ have taken their fj^lace? 

(Mechanical power and machinery , ) 

Which Qt the factors of production are most 
energy-intensive? 
(Machinery ^nd fertilizer . ) 

What^ factors e^cplain why there have been 
changes in the type of farm inputs? 
(Cost and availabil ity , ) 



TABLE II 

1- Which prices have ^^ncreased , decreased, or 
stayed about the same? 

CPecreased: nbne ; Increased : farm wage 
'rates, farm real estate, farm machinery; 
Stayed about the same: fertilizer costs,) 

2,. Which prices have increased the most? 

(Farm real estate, J . , 

V 
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How have the increases in the costs of the 
factors of production on the^farm affected 
their use? ^ 
(Among the possible responses": There is a - 
relation between the decline in farm labo r 
'and the increase m wages. Also tt^ small 
mc rea se in f e r i 1 1 izer 'costs can jbe seen a s 
contributing to its increased use. The 
rapid increase .m farm real estate prices 
may be a factor m kee ping la nd^ use down . ) 

What reasons can you give for different rates^ 
of increase in the cost inputs? 
(Land is scarce while demand is growing. 
This drives prices up. For some time the 
cos t of natuz^l gas was low so fertilizer 
-prices remammd low . 



In 1973^ the cost of oil and natural gas 
nearly quadrupled. What effect might this 
have on the i«^g^tive price of fertilizer? 

C6*ince natural gas is used m the manufac- 
ture of fertilizer these costs will increase. 
As a result farme,rs may use relatively* less.) 
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9. Modern Crop Drying: 
Pirect, ^icient Use of Fossil Fuels 



Oyerview iModerfi agriculture relies on LP (liquid " 
petroleum) gas to dry crops. This saves 
^ ,on f-ield losses and preserves grain. How- 
ever, this use of fossil fuel energy is 
expensive. Students compare the cost of 
drying crops using this method to the tradir^ 
tional field drying method. 



Target Audience 



Obiectives 



Science, Social Studies. 

Students should be able to: 

1., Determine the cos of drying Crops using ^ ' 

LP gas . ^^fc ' 

2. Compare this ^^l^fto traditional methods, 
> but include a con^'deration of crop losses 

incurred with these methods. 
. 3. Suggest alternative energy sources that 

could be use4 to dry crops. Identify these 
as direct or indirect uses of energy. 



Materials 
Time Allotment 



Dittoed .class set of Student Worksheet, 
Twenty minutes of in-class time. 



Teaching 
Strategies 



ERIC 



YOU might begin this lesson by reminding ^students 
that the average American farmer of today feeds over 
50 people. But this is not done without a 
great dependence on energy--in its many and various 
forms. What are some of these forms? (Write these 
on the chalkboard as the students name them.) .Clas- 
sify these forms i'nto direct and indirect energy use. 
Explain^ that this^ lesson is al?out direct ene2;gy use^. 
\'ext, distribute the student factsheet and ask students 
to read the background exposition carefully before 
starting on the questions. Help students complete 
the v/brksheet and then gu-ide the clas§ discussion 
toward a consideration*^ of alternative direct (and 
indirect, if necessary) energy forms which could be* 

* 47 



used successfully in drying , crops . These should 
includ^r negation mg solar 'energy . ^ 

Ecctendmg Invite an Agriculture Extension Agent to, talk to 
the Lesson the class about the economic feasibility of large 
scale solar a^op drying. * 
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student Suppose you are, a f^armer with x^s%. of your Mi-d- 
Questions west farm acreage in corn. You nusjt choose betwe^o 
using LP gas to dry your corn, or» allowing it to 
dry by itself in the fields. * ' 

1. You have planted 25 acres of .corn. How many 
bushels of corn can you expeq}^ to harvest? 
{25 acres x 80 bushels/acr-e = 2000 bushels.) 

-^2! It takes 1 gallon of LP gas to dry every 6^ 

bushels of corn^. How many gallons will you use 

to dry you?r total corn^^rop? 

^2000 bushels o*' . 

. (-E^ TT-i — ; r- = ^-33 gallons.) 

6 bushels/gal. 



How much would the gas cost you? • -\ \ 

(333 gallons x' 30 " cents/ga^oi^ =^$'99.90'.) 

If you choose to Vet \he xjpxn'dry by itself in 
the field, you could los^, as ffluch as 5% pf 'your^ 
total cr6p. -Wha't woul^uthi?'n|ean in dollars? 
[(2000 bushels x .$3/bus^^i = $fOOp) x .,05^-^ ^300 . ] 

How much would the price of LP gasi(have to* in-^ 
crease before it would .make mo^^e^ sgnse economical- 
l^for you to use nature' s TdryiH^^method? 
($300 ^$^100 = 3 X 100% = 300%^)' 

' What are some ways crop^ can be "^a 
• are left standing in the fielcls? 
(Weather , bleaching , mold , rodent 




if they 
them, 
and bi rds . ) 



7. Suppose you must consider using n\ethods other 

than LP gas to dry corn. What inathods might you 
consider? ^ 

(Answers may vary. You^may suggest' that the use 
of solar crop dryers is being evaluated. Many ;^ 
universities have been granted funds* by the United 
States depa rtment of Agr iculture^ to determine 
the economic feasibil ity of lavge sdale solar 
crop drying . Information can be obtained^ fjom, 
your local Agr icuJ^tural Extens iori Agent 1 ) . , 
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10. Herbicides: An Indirect Use cjjkEnergy 



Overview Herbicides, unlike crop drying, use energy in- 
directly. This lesson has the student look at 
energy benefits by comparing indirect energy used 
in herbicides with crop yield. 



\ 



Target Audience Science and Social Studies. 



Objectives The student should be able to: 

; 1. Compare the use of herbicides with other 

^methods of weed control in relation to 
- net energy derived. 
^ >^ * . 2\ Identify other indirect energy uses 

on the farm. 
3. Explaia the reasons for herbicide use, 
by listing its advantages and disad- 
* vantages » 

» * 

Materials Dittoed claffs set of Student Worksheet. 

Time Allotment Twenty minutes of in-ciass time. 

Teaching Plunge directly into the topic of iierbicides, " 
Strategies - Students may make contributions based on contro- 
versy of pesticides in the news. If it appears 
^ it would _be helpful, list on the board: herbicides , 

energy- consuming , energy-producing , kilocalorie 
(a kiiocalorie i-s equal to 1000 calories) and take 
a few moments to describe the terms to the students. 
Explain that herbicides both consume and produce 
energy (higher crop yield) . During the manu- 
facturing process and the spraying of herbicides 
by tractor or plane, v;e find that herbicides are 
consuming energy. When there is more energy, pro- 
duced than consumed, we can say there is a net 
energy "profit". Herbicides become energy producers 
when the net energy "profit*' is a result of a 
greater crop yield. ^ ' 

Distribute the-workshjeets to the students and ask 
the students to look over the chart. Answer any 
, questions concerning the chart and then help the* 

5>tud€.>nts to complete the worksheet:. 
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Lesson 10: 



HERBICIDES; 'AN INDIRECT USE OF ENERGY^ 
STUQENT ^.QUESTIONS 



Energy 
Input 



1. 



iinergy 

OUtDUt 



3. 



Suppose a farmer chooses the first method 
listed on the chart, why might he ^cide 
to use weed control? 
CTo get a higher crop yield . ) 

What is the energy difference '{in kcal.) be- 
tween the two methods of weed control? 
(56,005 :^37/920 = 18,085 kcal,) 

Wh-y do you think there are more kilocalories 
used in the cultivation method? ^ 
(Cultivating is usually done several times'^'^im^ 
a growing season; therefore , plowing uses more 
energy than the spraying of herbicides . ) 

The chart doesn't show how energy is consumed 
when manufacturers make herbicides. Energy is 
also consumed in other steps before it gets to 
the farm. List these energy-consuming steps. 
(Students should men t ion^^s^c kag ing , transporting , 
business operations , etjc. 



There were 100,800 kilocalorVes per acre pwduced 
in the 1974 study. Write the kilocalories per 
bushel for each weed control method in the blanks 
on' the chart. Which method produced the most 
kilocalories per bushel — no weed control, culti- 
vation, ^se of herbicides ? .How can you prov? 
it? 

(Answer to chart: 

No weed control: 54 x 100,800 = 5 ,443 ,200 

Cultivation : 81 x 100,800 = 8,164,800 

. Herbicidesi: ^90 k 100,800 = 9,072,000 



kcal 
kcal 
kcal 



9 ,072 ,000, kcJl - 5,443,200 kcal = 3,628 ,800 kcal 
is the difference^ between no weed control 
and herbi^c ide method . 

9,072,000 kcal - 8,164,800 kcal = 907,200 kcal 
is the difference between cultivation and 
herbicide methods.) ' 
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Net Energy 6, Net energy in kilocalories/acre as calculated from 
"Pro'fit" the data of the Minnesota study shows the net energy 
"profit" due only to weed control (see Column 4 of 
the chart) . What is the difference in nQt energy 
between herbicide method and each of the other 
methods? 

(Herb ic ides vs. no weed control = 3, 590, 880 kcal - 0 

f 

^ = 3,590 ,880 kcal 

net energy "p/^ofit") 
(Herbicides vs. cultivation = 3 ,590,, 8^ - 2,665 , 595 



Concluding 
the Lesson 



Extending 
the Lesson 



= 925,285 kcal 

net energy "profit") 

Point out to the class that the use of herbicides is 
utilizing indirect energy. Have students list some 
other indirect uses of energy in modern agriculture. 

(Manntactxxre o.f fertilizers, equi pment ,* insecticides , 
transportation and storage among others.) , 

If time permit:s and it appears there is a student 
^interest, you/may encourage* the* discussion and ex- 
ploration of the , effects of herbicides on the en- 
vironment. 

(The danger to wildlife; for example, the genetic * 
de.fects showing' up in offspring; ..(ganger to humans 
through breathir^g and ingesting residues; 4tc.) ' 
\ ' ' 1 * 
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11. Eating Wild Foods: 
Is It Q Reasonable 

(Si * u 

Energy Alternative? 



•a 



Overview In ^this lesson students learn to identify, col- 
lect, and prepare a "banquet" s'erving only edible 
wild plants. Include,d are discussions on energy 
used to collect, grow, process, transport, and 
derived from wild and domestic plants^ 



Target Audience : Science, Social Studies, Home Economics, and English. 

Ob'jectives Students should be^ able to: 

^ 1. Identify and collect edible wild plants. 
2. Discuss the pptenti^l of wild 
« plants as food sources. 

« « 

\ ■ . « 

Time Allotment Twq?*^ur days, either after school or during school- 
hour^. 

, - \ 

Special This. lesson depends, in part, on the time of the 
Note year; class interest, and the location of your 
school. Students living in urban environments 
can anticipate some difficulty in finding wild 
. plants near tl^a school grounds. (However, they 
ia^- I are there, even growing in cracks^ in; the pave- 
ment.) wintertime, course, w.ould make this 
activity useless.^ We^suggest inserting this 
lesson into the clas^ \schedule dtaring suitable 
growing months. , 

■ ' - ' I- ■■ 

WARNING "Eating may ♦be dangerous to your health." 

It is sometimes difficult to identify edible 
wild plants. If you a^re not familiar with plant 
identification, seek advice before beginning 
this lesson. 
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You miaht beqm by assigning some student the 
task of locating and interviewing a person in the 
community who collects, prepares and eats wild 
plants. They may use the interview questions 
and record sheet that are provided. ^Direct the^ 
students to continue their research on edible i ' 
wild foods and have them write an illustrated \ 
report. ' 

e 

Introduce the agricultural energy requirements 
of modern farming by approaching them from the 
angle of looking backward. What were the primary 
energy sources on the farm before the gasoline en- 
ome, electricity, and artifically produced fer- 
tilizer? Contrast these sources ^f energy with the 
sources of energy today. Did any^of the people you 
interviewed mention how the process of growing 
crops has changed in the past few years? 

Invite a naturalist or a botanist to come to the 
classroom to talk about common "weeds" wh^ch can 
^e used as the^ ingredie^=H:s f or ^a salad. If- possible, 
have slides or' pictures at hand to help students iden- 
tify these plants. 'Have the speaker take the class 
on a field trip on^ school grounds and l?elp students 
collect^their "weedy" salad things. 

Distribute the :list> of edible plants to the class. 
Help the students pick a variety of plan ts~ that would 
make an enticing salad. The class could be divided 
into small groups and assigned to gather the greens/ 
or mak^ the dressing, or supply the condiment part 
of the "banquet". At th^ appropriatV time hold a 
"wild food partyV. Serve salads prepared' totally . 
from ^ild plants, totally from s tore.-bibught plants, 
and a mixture of both. Assign a stiideht' to record 
the^ reactions to the taste in a series of taped in- 
terviews with their classmates. During the small 
talk part of the dinner, have students discuss why 
the- United States experienced a return to the land 
(livmq off nature) movement during the late sixties 
and early seventies. ' - ; * * 

a. What v;ould be the advan ta<Jes,*and disadvantages 
of your personal involvement in returning " 

CO "Mother"^ nature? ^' ^ ^ 

b. Why is it not* possible" for modern society 

to support more than *a small minority of its 
citizenry m such ventures? (This question^' 
, may require application of conclusions- 



foinned in the lesson on ^he Energy Require - 
mei^ts for Growing Dlf ferent Foods , ) 

Special The "returning to the land-giving off of nature" 

Note * lifestyle reseinbles in several ways the gar- 

^dening type of agricultural sy^.tems, • Lesson '6 
compares energy flow through shifting agricul- 
tural systems to modern agricultural practices 
in the United states . 



^, • Utilizing the student-acquired- data from the wild 

concluding food-gathering field trips, have the students com- 
uhe Lesson pare'1:he grocery-store salad and the f ree-f or-the- 
taking wild salad in terms o± food energy. Refer 
to the chart for the more cJifcion caloric count of 
common weed foods. Is theiSFa large difference 
in the total calories of each salad? (N-o.) * 
. However, therej is a large energy input in the 
growing and processing of domesticated plants. 
Have student^/ consider* source^ of energy the 
•energy usecr to cultivate, harXTest, transport ^ and ^ 
refniger^aire domesticated, green vegetables and plants^. 

^ Suggest the task of drawing a pap that shows the* 
, location of e^ch wird'plant they collected. Next 
have them trace on , the map the shortest route from * 
the school to' the plants." Based on an average of 
15 miles to- the g[alifen to drive a car to the loca- 
. tibn, estimate the nuintier of Calories needed to 
^gather the. greens* for the class salad. Remember 
that pne gallon^Wof gasoline contains 29,665 Calories 
of ehergy\. ^ How.,%ach. fossil fuel energy would be 
s^ved if each persoii^walked to the wild plants? 

' Special You may^ wish to point out that the energy used 

Note "in walking,' harvesting, and .preparing food is 

not really^^being considered (in this activity. 

• Now have your s-^ideniis Estimate the amount of 
energy invoivedXih t^ans lettuce , tomatoes, 

and other, vegeta^l^sj^romvthe truck farms to the 
stores i^^'your.^ call to a local trucking 

firm of rhiiy^Wt^jir^^ office can provide your 
students^ Witfe^t^^^^^ about .gasoline and 

o^.' Have-'^^^u^^^&^C^ "the difference in energy; ' 

COTSXimed' in'' ISS'jlT^sy^ ^ What other energy considera- 

tions r couloxbetmentxoned ? 



In addition to the wild foods party, yoiir class 
miqht enjOy making a wall mural showing pressed 
specimens or 'drawings of edible wild plants. They 
shoald include information about each plant, such 
as life cycle, geographical distribution, nutri- 
tional value, and past economic significance T l£ 
t.^.ey can find stories or folklore about some of 
the Piants, they should include these as well. This 
miaht becoTae part of the mural titje. 

BeIO;V 13 a list? of books to help you and your 
3 tuden ts : 



Ba ck:, round References for Both Teachers and S^tudents 

A'-gler , Bradford. Feasting Free on Wild Edilples . 

Harrisburg, Pa.: Stackpole Books, 1969. 288 piges. 

Berqland, Brendt and Clare E. Bolsby. The Edible 

Wild. New York: Charles Scribner's Sons, ' 
188 pages. 

Crowbar St, Adrienne. The Flower Cookbook . New York: 
Lancer Books, 1973. 198 pages.' 

Gibbons, 'Euell.^ ^uell Gibbons' Beachcomber's Hand - 
' ^book . N^w Yorkl David McKay Co., Inc., 197\2. 
♦ 230 pages. ^ 

Stalking the Healthful Herbs. New York: 



David .McKay Co. , 1966 



Stalking th'e Wild Asparagus. . New York : 



David McKay Co., 1962. 303 pages. 

Hail, Alan. The Wild Food Trail Guide . New York: 
' Uol't, Rinenart and^ Wo^nston , 19^73.' 195^ pages. 

Garrxngtbn, H.D. Western Edible Wild P-lants . 

Albuquerque, N.M. : The University of New Mexico 
Press, 1972. 156 pages. 

"kirk, Donald R. -' Wild Edible Plants . Headsburg, Ca.: 
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Activity 1 - Down on the Form 



student Activity 1- INVENTORY 

\ ~ - - • 

Directions: Read each -statement carefully. Place a check 

{>/) \n the colxamn which most nearly indicates 

your opinion. The symbols represent the degree 

of ypur opinion. 

SD =: Strongly Disagree A = Agree 

D = Disagree • SA = Strongly Agree 

N = Neutxal or don't know . . ' 



SA A N D SD 



!• To help conserve fossil fuels, 
Americans should eat less meat. 

2. it is possible to reduce the rate 
of energy used in farming and still 
provide every American with an ' 
adequate diet. 

\3. The amount of ^ petroleum, used on A- 
me^can farms is greater than^that 
used in private automobiles. 

4> We get energy from food we eat;; how- 
ever, today, we use more energy in 
growing emd preparing food than we 
get out of it. 

5. A farmer's expenses can affect my 
life., ' ' ' 

6. Each acre of crop lemd always be- 
comes more product^ive as more fer- 
tidizer is applied. 

'7. Farm* workers and farm animals ^re 
more energy-efficient tJian tractors 
^d otJier machinery. 

8. Our farmers rely on domestic sup- 
plies, of oil and natural gas to inan 
iiheir farms. 

9. When we .eat food, we're eating up 
our oil supplies for the future. 

IQ. ' Sometimed less can be more. We 
* have fewer farms today, but each 
farmer produces more. This situa- 

.tion c^u^ go on forever. 

« 
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TABCE 54 

Enersy Use in the U.S. Food System (in 10'^ Calories) 



Component 


1940 


1947 


1950 


1954V* 


1958 


1960 


1964 


1968 


1970 












On Farm 












Fuel (direct use) 


700 


136.0 


158.0 


1725 


179.0 


188.0 , 


2135 


226.0 


ZJZ.U 




Electricity 


0.7 


32.0 


325 


40.0 


44.0 


46,1 


50.0 


57.3 


635 




Fertilizer 


12.4 


19.5 


24.0 


30.6 


32.2 


41 .0 


DV.U 


87.0 


94.0 




Agricultural Steel 


1.6 


2.0 


2.7 


^25 


, 2.0 


1.7 


2.5 








Farm Machinery 


9.0 


34.7 


30.0 


295 


50 2 


52.0 


60.0 


75.0 


80.0 






12.8 


25.0 


305 


23& 


16.4 


* 11.8 


20.0 


205 


19.3 




Irrigation 
Subtoul 


180 


225 


25.0 


29.6 


, 325 




34.1 




35.0 




1243 


272.0 


303.4 


328.6 


^356J3 




440 5 


^3.0 


526.1 




Food Processing Industry 






Processing Industry 












147.0 


177.5 


192.0 


2115 


2125 


224.0 


249.0 


295.0 


* 3d8.0 




Food Processing Machinery 


0.7 


5.7 ; 


5.0 


4.9 


4.9 


5.0 


D.U 


D.U 


6.0 




Paper Packaging . 


85 


14.8 


17.0 


20.0 


26.0 


28.0 


31.0 


35.7 


38.0 




Glass Containers 


14.0 


25.7 


26.0 


27.0 


30.2 


' 31.0 


34.0 . 


415 


47.0 




Steel Cans and Atuminum 


380 


555 


62.0 


73.7 


85.4 


86.0 


91.0 


112.2 


122.0 




Transport (fuel) 


49.6 


86.1 


102.0 


122.3 


140.2 


153.3 


184.0 


226.6 


246.9 




Trucks and trailers 


















(manufacture) 


28.0 


42.0 


495 


47.0 _ 


. <43.0 


44.2 


61.0 


70.2 


74.0 




Subtoul 


285.8 


407.6 


4535 


506.4 


542.3 


5715 


636.0 


7875 


8415 










Commercial and Kome 












Commercial Refrigeration 






















and Cooking 


121.0 


141.0 


150.0 


161.0 


176.0 


186.2 


209.0 


241.0 


263.0 




Refrigeration Machinery 






• 










(home and commercial) 


10.0 


24.0 


25.0 


275 


.29.4^ 


32.0 


40.0 


56.0 


61.0 




Home Refrigeration arnJ 


















Cooking 
Subtotal 


* 144.2 


184.0 


202.3 


228.0 


257.0 


2765 


345.0 


4335 


480.0 




275.2 


349.0 




4165 


'462.4 


' 4945 


594.0 


7305 


804.0 




Grand Total 


6855 


1,028.6 1 




1^15 


U61.0 


1,440^ 


1.6905 


2,0215 


2,172.0 





Source* 'Energy Use in the U5. Food System/* C. Steinhart 



Soenca 184, 307-315, 1974, Table 1. 



FIGURE 5-8 

Total Energy Use in Food System Versus Qalories of Food 
Produced (food is population times 2,700 Calories per day) 
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Figurt 5-9 

Growth in Energy Consunnption ^ 
of Food System Components 



2^ 
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500 




1940 



1960 



1960 



1970 



FIGURE 5-10 

Food.Energy Output Versus En«rgy4nput to Food Systtm 




000 



tOOO 1«S00 2.000 



Input Entr^y {n T no") Calodtt 
OttiffomTablt&a. ^ 



61 



student Activity 2 Background Notes on Modern Agriculture 

John M. Fowler 



"...If the energy ^expende^d in growing, processing, packaging, 
and tremsporting food is divided by the food consumed per house- 
hold we find a factor of 7 or 8. What this means, at face 
value, is that it requires 7 or 8 Calories of fossil fuel ener- 
gy to get 1 food Calorie on our plate. We are eating fossil 
fuels. The food. crisis and the energy crisis are therfore joined. 

There are several reason^ why it is importaitt that we examine 
our food industry from an energy point of view. It uses a sig- 
nificant amount of energy, 12 or 13 percent of the national 
total. It is important, therefore, to understand in what form 
/ and for what purposes that energy is used in order to make 
rational choices ainong the various energy futureSTJe^ore' us. 
More important, however, is the worldwide food shortage and 
America's role as food supplier. What are the enfergy iit5)lica- ^ 
tions of that policy? Finally, we may want to explain our food 
production system as a model for others to copy. Is this system 
one that can meet woirld needs? ^ . » ^ c 

. The energy cost of U.S. food production: How much energy does 
it take to put a Calorie of food before em American consumer? 
To answer this question it is necessary to determine the energy 
consianption in the four major con5>onents of^the food system: the 
farm, the processing industty, the commercial retailing industry 
and the home.tf> In. each of these there are direct uses (fuel and 
electricity) and indirect uses (energy consumed in the manufact;ure 
of food-related equipment, or in transportation cindf in the manu- 
facture of fertilizers, pesticides, herbicides, etc.) 

We present in Table 5-8 the results of energy audit of the ' 
food system from 1940 to 1970. (The source of that study is in- 
dicated on the table.) ^ In Figure 5-8, we plot the total energy 
and compare it 'with the^ energy of the food produced. Figure ^ 
5-9 shows the' growth iri^the amount of energy in* each of four 
component sectors . 

The ratio of the cunount of energy used in the system to the num- 
ber of Calories eaten by the population has grown from 5.3 in 
1940 to 10.9 in 1970. Figure 5-9 shows us wheire this growth 
has occurred. Energy, consumption has grown in each of the three 
categories but the fastest growth has been in the energy (direct 
and indirect) used on the farm. Over the 30-year period, total 
farm energy use increased by a factor of (compared^ with 3.0^ 

for food processing and 1.2 for the ccaamercial and home sector). 
We can see from Table 5-8 that* fuel use, electricity, fertilizer, 
- and the energy to build farm machinery accounted for most of 
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that growth. 



It should be .emphasized that even with the detail of Table 5-8 
^ these data are still fairly rough. There is no account taken, 
for instance, of food wasted or the growing amount of food ex- 
ported. It is certainly accurate enough, however, to raise 
some serious questions for the future. 

If we look at the data o£ Figure 5S in a somewhat different 
w§y, and plot the food energy output against the fossil fuel 
energy input, we obtain the interesting curve of Figure 5-10. 
It is a curve which suggests the end of growth. It is easy 
for us to interpret this figure in the present context. It 
^suggests that we cannot gain very mtich more food energy from 
our system by merely putting more fossil fuel energy into it. 

• 

It does not say that we are farming as efficiently as possible, 
for we are considering all the energy used in the system and as 
we see^in Figure 5-9, the farm energy only represents a quarter 
of the total. From other studies^, however, it appears that with 
some crops, com is the example, quoted, we are already 'using 
1,0Q0 Calories of en^gy per square meter (farm energy alone) 
and achieving energy ^ie^lds of 2,000 Calories of energy per 
square meter from the grain alone. These numbers are to be 
compared with 5,000 Calories per square meter of energy that 
the corn plants can take in from -sunlight. Since the energy 
output is almost one-half the captured solar energy *it is un- 
likely that we can gain much more farming efficiency by adding 
more fertilizers, plowing more, of ten, using more herbicides, 
etc* In fact, if we look at *yields per' acre as tons of fertili- 
zer applied per acfe, we obtain a curve similar to the one shpwn 
in Figure 5-10. It is em S-dUrve and we are on the flat top. 
We cannot buy much more plaftt productivity with energy. 

Agricultural practice is a deep and engrossing sulDject, and there 
is much more which could be said. There are a variety of sug- 
gestions for increasing yields without increasing acreage", by 
reducing fertilizer per acre' and bringing such "soil bank land 
as remains unused back into production, or by using more of 
the organic waste we produce, as land conditioners and supple- 
mentary fertilizer. We will leave that fuller discussion to 
others. M ^ - » 



liotti. 



*^Food Production and the Energy Crisis", Piitlentel, Hurd, Bell , 

Forester, Oka, Sholes, Whitman, Science 182 , pp. 443-449, November 
2, 1973. - 
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There are* cohclusions we can suggest, however^ from this 
energy^-focused ponsideration. The first is that food prices 
vfll rise with energy prices. They ^re^ in fact^ expebted to 
rise more rapidly than energy since a large part of the energy 
input is of the Indirect sort expended in manufacturing* It 
may bq that energy costs will beccMne high enough to make farming 
depart from its path of increasing capitall intensiveness and 
make a partial return t^ f arm labor an econcHi|ic alternative. 

This energy analysis of agriculture also raises questions as to 
the wisdom of continuing in the direction of food "mass jiroduc- 
tion" practices. We question it from our own point of view; 
it has not prove}/ to be an energy-efficient way to. feed obr own 
people (although it has been leUt)or-effidient^ and so far Capital- 
efficient) . It is even less attractive as a way to feed the 
woirld's hungry people. As it is now practiced^ we are exporting 
energy \then we export grain/ 5 or 10 Calories for every food 
Calorie it contains. That is not a wise strategy for an energy- 
in5>orting country. 

It is cui even more questionable decision to, consider exporting 
our agricul turaU practices We are engaged in that at present. 
The so-called: *dieen Revolution" is based on new strains of high- 
.^xeld grains /but these neif grains require^ both fertilizer and 
! irrigation. As we see from Table 5-8 both o^ these are energy,* 
expensive. ♦ (The irrigation energy expenditure in Table 5-8 is 
based on irrigation of only 5 percent of our crop land. ) 

We^aay in fact have something to learn from, foreign agricultural 
practices. 9y relying on human labor some other countries get 
many more Calories from the earth and sunlight than they put in^ 
The Chinese peasemt gets SO Calories of food energy^ back for 
every 1 he expends on*his wet r±t^ fields. The primitive "slash 
and bum" agriculture of the tropics^ •in which a new field is 
cleared* of trees every two oj three years, gains Calories in al- 
most a 20 to 1 ratio. " 
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Hidden in this puzzle are 
16 words. These words^, 
ajiply to agriculture or 
the use of energy in ag- 

riculturej^ ^Pind the yord, 

circle it. Words can be 
read horizontally and 
•vertically. 



Write the correct vord for each definition in the spaces belpw. 
One letter /goes in each space. The saime letter can^ be used more 
than onpe/ Then, ooniplete the Mystery Word. 

1* A^jttatea?ial needed to promote plant growth. 

2. Aj^el that is produced by. the decay of raw Haste material. 

3. X chemical used to j:ontrol insect and plant popwlatiofis. 
4i/Tha use of heat frao the^sun for drying of harvested crops* 
5'. A chemical sxibstance necessary for the production Of protein 

'in plants. • * ' 

6. ^ The amount .of a crop produired per unit* of land. 



1. 
2. 
3. 
4^ 
5. 
6. 



ffystery .Word 

1. 2nd letter in one • 

2. 6th letter in two 
2jid^etter In three- 

4. 5,th letter in four (1st wor4) 
^5. 6tJ^ .lett^er in five 
6. 1st letter in six 



Activity 3 - The Energy Requirements 
for Growing Different Foods • 



Activity 1 



The Energy Required to Produce Food Products 
Consumed in a Year by One Person ♦ 



Plant Product 



Pood Consumed 
(lbs/person/ 
year) 



Energy Required 
to Produce Pood 
(gallons of oil/ 
p^son/year) 



Ratio 
(lbs/gals) 



Plour & Cereal 140.0 

Sugar 122.0 

Vegetable Oils 41.8 

Pruits ♦ 131.5 

Potatoes 104.9 
Beams, Peas &' 

Nuts 16.1 
Green & fellow 

Vegetables 2l5.1 

Miscellameous 14 . 8 
7S6~ 



2.2 
1.4 

a. 7 

1.9 

.0.6 

1.8 

2.3 
0.2 
T47T 
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Pood 

Consiamption 
(lbs/person/ 



Energy 
Requirement 



Animal Product 


-vyear) 


person/year) 


Beef 


* 

U6.0 


' h 

19.1 


Dairy 


35'6.0 


4.7 


Pork * 


67.4 


4.8 


Animal Fats 






emd Oils 


14.6 . 


3.5 . 


Poultry ' 


52.4 


1.6 


Eggs 


' 39. a 


'1.3 , 


Veal and Lcimb 


5.5 


0.8 


' Pish 


15.2 


2.1 -r 




666.1 . 


37.9 \ • 



RatiX) 
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'S€ud|bt. Activity 1 ' How^31uch' Energy i|i Gallorife of Oil Js 
\ , y Needed to Grow the 'Food We Eat? 



i 



f ^ ^ The chart on the preceding page shows the anotmt 

t;:^ . of fuel American farmers use to grow^the fodd we 

^ ^ on oi;ir ^dining tables each year. First calcu- 

• ^ '% \ , . '-^late the ratio of food consigned to energy re- 

|/ f ' / ^ /quixed. Then fill in the blanks with the cor- 

' ik r ' ' * rect r:atios for ^mJi food pj^oduct. For Sample, 
' > ; ^pr flour and cereal the ratio is: 



Pood CQnsumbd = > 140 lbs/per#bn/year = 64 lbs of food 
Energy Required Z^jJ^allops of oil/yr. per gallon of oil 

Next, answer;.§^h of the following: * . 

Wh^ich ftjods^lrequire th^ m^st tfallons^-d^ Oil 
tb be'gr'^wn?; , ' 



* ; y f. ' ' 2, .^^Whi^h require the^ least? 



ft 



. 3, .JPhe^^iiiergy -^Jpbios on the chart are based 

^^*on energy U3^d in >?fcirming. The higher the- 
ratio the more efficient the fitra^g pro- 
\ y ' ' . < cess. What additional information vould , 

f;. ^ V y^^' need ih* order 'to say that a certain 



if V' f ' \ f ood product is energy.-ef f icient? t 




4. 1^ Which tm anijaal products yould you eat if 
yom:' only ypDnsidefatipn was to ohobse 
energy-efficient products? 

5. What evidemie/in the table suggests why 
few countries in the world eat a lot of 

^ beef? 



r 



Student Activity 2 



Which Plants are Energy^-Eff icient? 



When we say a farm crop ^s energy-efficient, we 
mean that^ the ratio of the food enefg? in the 
plant to the epergy used in growing dt, is high. 
Some crops are .more- efficient than others; some, 
aren't efficient at all. Look at the table be- 
low. Pick out your favorite food. Is it energy- 
efficient? Remember that in reading ratios, the 
higher the nuiqj^er,, the 'more efficient the pl^nt is. 



Look at the 



^e, then amswer each question. 
Table 2 ' ♦ 




Enprgy Efficiei 


/cy Ratios. for Common 


Crops 


Crop / 






Ratio 


Sorghum - 






5V3 t 


Corn 






A. A 


Wh^at 






3.2 


Soybeans ' 






2.7 


Oats ' 






2.6 


Potatoes 






1.5 ' 


Rice 








Apples 








Grapes 




il 


Tomatoes ^ 






0.7 ■ 


Greefx Beans 






0.5. 


Peaches 






0.6 


iXtemons 






0.1 ' " 



Which two crops get the 
from investments o^ ene: 
vest them'? 



best returA in food energy 
i^j^ used to grow 'and har- 



,2. Which four barely return the energy used in 

their production? ' ■ * « - , % 
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Which four are losing the energy-in/energy- * 
out race? 



Suppose you are the agriculture minister in 
a developing, poor nation, Basiri^ your choice 
on the teible above, which three crops would 
you recommend for your nation's farmers? ' 
Why? 



Playing 'the "What If./," game can give you ^ 
plehty to think about. For example, What ^f • • 
there was a great demand for mor6 fruits and 
vegetables worldwide. What effect would this 
demand have on the fo]J.owing: 

a. The demand for fossil fuels? 



h.> The price of oil and natural gas? 



Having enough food to feed the world's 
people? 



d. Conflict between rich and pooKcountries? 





How Efficiently Do Plants Cqnvert Fossil 
Fuel Energy Into Protein? 



Examine the graph below and compare crops in 
terms of protein produced for each unit of 
energy put into its cultivation/ Then answer 
the questions. 



3001- 



I 
I 




4 i » 4 ^^ ^ a < T^^a 



1. • Which five . crops are the most efficient at 
liroducing protein? Are these five grains 
or yeger^les? . 



2. Which fotTr are least efficient protein producers? 



Soybeans are highly efficient in producing 
protein. However, a great deal has \o be 
done to make them appealing to taste. How 
does this statement help e3q>lain why soybeans 
generally are fed to anxmals and not to huma'ns? 



Much of the^elight of eating is provided by 
animal protein. Getting our protein this way . 
is expensive. How can the infprmation on the* 
graph help you decide to eat sqyburgers some- 
day? i^hat would have to change for you first? 



Activity 4 - Energy Efficiency 
in Corn Production 

4 



A WORKSHEET 



Introduction 



Backgroiind 
Information 



Available 
Data 



This worksheet provides some information and 
data on the fossil fuel energy used to 
produce corn. The energy content of the corn 
produced is also provided. After reviewing the- • 
backgrpund information and the available data you 
should answer the gueswtions . 

Agriculture is ^ now experiencing an unusilal com- 
bination of circumstances. Farmers itiust contend 
witJi th^ recent energy ^ price increases and "threats 
of fuel shortages as they attempt ^to meet an \in- 
precedented demand for .farm products. The operation 
of machinery, the production c&id application of 
fertilizers, and the dirying of crops for i^torage 
require tJie use of large amounts of energy which 
may* continue to become more expensive and less 
available. - ^ |. 

The success of agricultural production., ' in the 
future, may depend on our ability to fully under- 
stand how much. energy is used in Agriculture and 
on our ability to develop more efficient iriethods 
of crop production. ' 

You should be able to use the information in 
this section to determine how efficiently com 
has been produced relative to energy. The data 
was collected from an article published in Science 
magazine on November 2, 1973. The title of the • 
article was "Pood Production and the Energy Crisis". 
You may wish to read that article in order to ob- 
tain a complete understanding of the use of energy 
on the farm. ^ . 
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GROWTH IN ENERGY USE IN COBN PRODUCTION 
^ossi'l Fuel Energy Inputs (Calories/Acfe) 



Inputs 


1945 


1954 


1964 


1970 


Fuel* 
Nitrogen 

Fertilizer 
f*esticides^ 
Crop Drying 


543,400 

58,800 
0 

10,000 


688,300 

226,800 
4,400 
60,000 


J60,700 

467,20b 
15,200 
120,000 


797,000 

940,800 
22,000 
" 120,000 


TOTAL ■ 


925,500 


1,548,300 


2,241,900 


2,896,800 



CORN PRODUCTION (per Acre) 



Year 


Amouatt^of Corn 
Produced (bushels) 


Energy* Content 
of Com ^(Calories) 


1945 
1954 
1964 
1970 


32 ' 
' 41 
68 
81 


3,427,200 
4,132,800 
«, 854, 400 
8,164,800 ' 



There are many ways to evaluate the productivity 
of the farm. One method requires the measuring 
of /the amount of corn, produced during different 
years; Another method requires the comparison 
of the energy used to produce the com with-i-the 
amount of food ^energy harvested at the end of the 
growing season, 

♦You may use percentages to express the^ cljarige 
in corn production. ^ For exan^Jle: 
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1945 = 32 bushels 
1954 = 41 bushels 

amount of increase 
Percentage Increase = original amount x '100 

Percentage Increase = 32 x 100 = 28% 

From this exaii»le you can cor\clude that the corn 
production in ^954 was 28% greater than the corn 
produdtion in 1945. 

1. What was the percentage increase in' the 
corn production during the 24 years fol- 
lowing 1945? 



You may also use numerical ratios to express the 
change in corn production.* For example: ^ 

1945 = 32 bushels 
1954 = 41 bushels 

1954 producticm 
Production Ratio = 1945 production 

41 

Production Ratio = 32 = 1.28 

From this example you ccin conclude that the corn 
production in 1954 was 1.28 times greater than tl>e 
corn production in 1945. 

2. - How much greater was the com production 
in. 1970 than in 1945? 



■J 



Note: The "'energy 
inpuf* used in the 
ratio is not all of 
the energy input. 
Efficiencies can't 
be greater than 100%. 



You may afso compare the energy used to grow the 
com with the food energy .produced. This compar- 
ison 4:an be expressed as a numerical rati^ called 
an energy efficiency ratio. For example: ^ 

1945 Energy Input = 925,500 Calories 
, 1945 Energy Yield = 3,427,200 Calories- 

' Energy Yield 

Energy Efficiency Ratio = Energy Input 

. . 3,427,200 Calories 

Energy Efficiency Ratio = 925,500 Calories 



. Energy Efficiency Ratio =3.70 

From this example you can conclude that the 
energy' yield in 1945 was 3.70 times greater than 
the energy used to produce the corn.,, 

3. What was the energy efficiency ratio for 
corn prodi;iction in 1954, 1964, and 1970? 



\ 



4. What has happened to the energy effici- 
ency of corn production during the 25 
years following 1945? 
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Activity 5 - More and More May Be 
Less and iess: > 
The Law of Diminishing Returns 



introduction 



y 



To ^e^^lghe people is one of the primary tasks 
of any economic system. One of the achievements 
of twentieth* century American agriculture is the 
production of. enough food to feed almost one- 
sixth of tJie world's population at a relatively 
low price. 

This achievement has not been without costs. 
In previous lessons you have learned that in- 
creasing amounts of energy in the ^orm of ferti- 
lizer, herbicides and fuel for machinery have 
been used. This use of fuel has become an in- 
- creasingly serious problem as the price rises 
and the fuel beco^s unavailable, 

'This lesson discusses tJie use of ever -incijeasing 
amounts of fertilizer to get smaller 'and smaller 
increases in total .production. This is an ex- 
ample of the economic principle of diminishing 
returns. 



Table I 

CORN" - YIELD GAINS FROM SUCCESSIVE FERTILIZER APPLiqATIONS 



Pounds of Nitrogjfen 
Fertilizer Applied 
per Acre 



Corn Change in Com Yield per 
Yield Poun^ of Extra Nitrogiren 
Lbs/ Ac re Fertilizer Applied 



0 
40 
80 
120 
160 
20a 



2800 
3880 
4400 / 

4960 ' 
5000 



27 
14 
9 
4 
1 



Source: U.S.D.A. - Corn Yield In lowa^ 1964. 
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student TABLE I 
Questions 



1. What factor of production is used in 
increasing quantities? • 



/' 2. How much is* the change each time in 

fertilizer? 



3. What resources jnust you assume are fixed 
in quantity if you are to apply the law of 
* diminishing returns? 



4. What is -happening to the total production 
of com? * 



5. What do you. think will happen to the corn 
yield as the application of fertilizer in- 
creases above 200 pounds per acre? 



6. Under what circumstances would a fanner 
^ , continue to use more^ and more fertilizer 
if he gets a smaller and smaller return? 



7. 'Aside from profit, what other factors might 
a farmer consider in choosing to u^e more 
and more fertilizer? 



/ ^ 



This lesson has dealt/ with the appliciation of 
energy in the form fertilizer. The law of 
diminishing i'eturns works for all the factors 
of production. The following chart shows what 
happens when only the cunpunt of hiiman energy is 
changed. This chart assumes that al], other' 
factors hav^been held constant. - . 



Table II 
LABOR AND DIMINISHING RETURNS 



Number of 


Total 




Workers 


Product 


Increase 


1 


100 


100 




220 


120 




270 


50 




300 


30 


5 


320 


20 


6 


. 330 


10 


^7 


. 330 


• 0 


8 


320 


-10 



Sttident TABLE II 
Questions 



1. What happens to the total product? 



2. ' Which additional worker makes the greatest- 

difference in output? ' 

3. Which additioi^al worker reduces* the total 
product? 



4, WhyJ might this happfen? 
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Activity 6 - Comparing the Flow of Energy 
* in Two Agricultural SocieTies 




Tracing Energy Flow 



Def init 




Energy Source * * 

Represents souree-of energy from 
outside the agriculture system 
which will suppj-x an unlimited* 
amount of energy. An exeunple 
would be sunlight* 




I 



Energy Storage? 

Represents, energy stored within 
the agricultural system (only in 
limited amounts) and when drawn 
upon/"can be exhausted/ An example 
would be seeds. 



Heat Sink 



Represents the heat loss from the 
agricultural system each j time 
energy is changed frcm one to 
another (second law of thermo- 
p-jdymanics) . Examples would be the 
heat given off when sunlight is 
converte'id into food eneray or 
when gasoline is converted into 
• energy to drive a tractor. 
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Work Gate 

f- 

' Represents thejinteraction of* two 
-'or more energjr flows (inputs) in 
an agricultural system. Th6 net 
result is different from the in- 
puts. For example, sunli.ght *inter- 
acts with nutrients and water in a^ 
corn plant which resultis in corn 
kernels. 



Green Plant 



Represents the photosyo|rfiesizing 
(food-making) of green plants. 



\ 

Consumer 



Represents^ anything with yie- ability 
*to consume, grow, or reproduce from 
it. For exair5)le one animal, or a 
whole lot of animals. People are 
consumers. 
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Worksheet 1: GARDEN ENERGY .PLOW CHART 




KIC 



Use the correct symbols to complete the energy flow 
system growing peas in you;t: garden. , Include energy 
requirements ia^r^eparing the soil, planting and 
watering the peas, fighting pests, cultivating, har- 
vesting arifl^preparation for constunption. 
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Worksheet: 2^ MAJOR ENERGY FLOW PATHWAYS INVOLVED IN 



GROWING GOTO IN A SHIFTING AGRICULTURE 



SYSTEM IN THE LOWLANPg OF EAgf feRN 
GUATEMALA > NUMBERS REPRESENT KILO - 
CALORIES PER ACRE PER YEAR> 



HUMAN SPENDS 
6x10* KCAL 




YieiD » 
iAxKfl KCAL 



Worksheet 



3: MA^OR ENERGY FLoW PATHWAYS INVOLVED 
• GROWING CORN ON A MECHANIZED^ FARM ' 

IN NEBRASKA > NUMBERS REPRESENT KILO- 
^ CALORIES PER y ACRE PER YEAR. DOTTED ' 
LINES REPRESENT- EXCHANGE OF MONEY FOR 



HUMAN SPENDS 
1.2 X id* KCAL 



FOSSIL FUEL. AND DERIVATIVES. 
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Compari^'Tw^ AgricuXtu'ral Systems 



Workflieets ^ land 3 both outline agricultural systems 
which grow copi.; Follow the energy flow in both, 
- then answer the questions. 

t^t- What is the unlimited energy source in both 

systems? : ' . * 



,2. ^ere dbes each .system, draw upon stored en'ergyX * 

3. Where is .energy * (in the form of Heat) lost in 

' ^ . each, syatem? * - , ^' 

■ ; . - , ^ ■ ' ' 

4. How do the following i^ter^ct- in gardening v ' 
• agrxcultural system to produce t corn crop? ^ 

use Wor^csheet 1 or ^2 tp "locate interactioh. 



Sun ' s energv 
Seeds ^ . * T 

'So'il . , ^ * .y.v ^ 

• Work done by' the' farmer ' * • ' 

Weeds. , ' / 

^ . Collecting and storing corn 

' , d .* 

5. Which system givgs the largest yield? By hoW 
much? How many times greater? 

6. Compare the tj*o systems in terms of the human 

- -energy nee<afa per acre per ^ear., Jfliiph is the" 
greater? By h6w much? ' How mahy bimfes. greater? ' 
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t -i^ — < 

7. Completis this statement. The yield of ' 'the 

mechanized farm is approximately 

tijCifA greater than that of the gardenijig 
• ^ ' system. While the farTifier on the mechanized 

farm* did on^ly about ^ tipes as much 
work to pro^^uce the crop, 

* * 8. In malcing your comparisons/ why wouldn't 

/ • * ' . it be quite fair to compare only ^ the energy 

, expended directly by each fanner? 

j 9. Calculate the dytput in kilocalories for each 

one (1) kilocalQrie of input* Do this for 
each .dysteiT), mechanized and gardening. You 
w^ill need to know that, in addition to human 
^ " . e-nergy input in the mechanized system> there 

is also 7.14'X^'lO kilocalories of fossil 
fuels. 



(output) yiejfl - ratio of 

(input) labii^ + fossil fuel output to input 



10.. The above calculrations show that mischanized 
farming is less efficient relative to/ energy 
input/output* Why are many of the areas 
that formerly used a gardening system intro- 
ducing more mechanized farming?. 
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Activity 7 • Organic Fprms? 



A- 



A WORKSHEET 



Introduction This ' worksheet prov^p^some information ar|^data 
concerning the us^ olP f ertilizer on the farm. A 
comparison is made hfetween the use of organic and 
conventional (inorganic) 'fertilizers. A£tQ:£^j;^^ 
viewing the background information and the avail- 
able data, you should be able to answer ^the questions. 

Background Farmers who grow large quahtities of corn (and.. 
Information bther crops) must apply large amounts of nitrogen 
fertilizer to the soil. Without the use of fer- 
^ tilizers, crops will not mature completely. ■ 

' The farmer has two sources, of nitrogen fertilizer: 

inorganic and organic. The production of inor- 
ganic nitrogen fertilizer requires, the use of a 
^ ' / large industrial facility where .nitrpgen is com--* 

* . bined with hydrogen .under high pressure and tern- 
- ^ perature'. This process requires approximately 

5,000 Calories of fossil fuei energy for each y 
pound of fertilizer produced. The fer^lizer is then 
shipped to the farm and applied to the soil. 

The organic fertilizer sources include animal 
^manure and legume crops. Legumes { alfalfa, soy- 
beans, peanuts, vetch, etc.) are plants ^hat ,are 
capable of forming nitrogen compounds from the 
nitrogen in the air. A. fall planting of a legume 
tRat is plowed under in the spring adds nitrogen 
^fertilizer to. the soil. Approximately 625 Calo- . 
' ^ ries' of fossil fuel energy per acre are needed to 

pleint and plow under a legume crop. 

-Farmers must choose the type, of nitrogw f erti-r 
• . ^ . . lizer that they will use'. Their principal concern 

is with the cost and qualit^ of-^^each. , ?f 
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Available 
Research Data 



} 



You can use the information in this section to com- 
pare the use of or^^ic »and inorganic fertilizers. 
The information wa^ collected* from a study conducbed 
by JVashingtonpUniversity in St. Louis, Missouri- " 
The following data wer^ developed^ by Comparing 'the 
productivity *of 14 commercial jized organic farms, 
that used neither -inorganic -fertilizers (other than"^ 
phosphate rock) nor chemical pesticides, with 14 
conventional farms that used, both. ^ 

CORN CROP PRODUCTION 



Student 
Questions 



\^alue per 'Acre 

of Corn 
Production Costs 

per Acre 
Net Income per Acre 



Conventional 


Organic « 


1974 


, 1975 


1974 / 


1975 


. 517^ 


' $193 


$159 


$169 


$ 46 


$ 54 


' $ 28, 


$ 34 


$126 


$139 ' 


r$131 


$134 







• ENERGY qSE 


IN CORN PRODUCTION 




* 


• 

t 














* 




r 

V Conventional 


'Organic 








, 1974 1975 


1974 


1975 




0 


Calories per 
$ (income) 


4*^,325 3;, 7*50 


1,,800 

St 


1,650 ' 



After reading the introduction and reviewing 

the available ^ata, .you -can complete th^ following': 

1. How can you explaih"*the smaller value of the v 
_corn yield on the organic farm? ' , ^ 



2. ^ Since the energy requirement ^or the production 
of inorganic fertilizer, is approximately eight 
times that o^ organic fertilizer, why. are the 
production dbsts for a conventional farm and an 
organic farm so drastically different? What 
^conti:ibutions to the costs of organic and in- 
organig farm fertilizer use? 



3» SJQppose^you want to. farm organically. 

* What might you* have to consider before using 
this method? 



4. How does the average income per acre in the 
. ^ years 1974-75 compare on both farms? 



5. How do you think an energy shortage would affect 
the choice between organic farmiag and con- . - 
^ Ventional? ' v 



6. How much energry 
be saved if afi 
farm methods? 




ories per acre could 
'was produced by orgacnic 
575 figures. • , ' 



7. What additional information would* be valuabl^e 
if yfki had to decide whether or not to -go 
into Uorgcfftic farm^g? ^ * 




Activity 8 - Put the Horse Back 

in Horsepower? The Man Back 
in Manpower? 



TABLE I 

Indexes of Selected Farm Inputs 













Tons of 










Use of * . 


Fertilizer 






Value of 


Sfechanicai 


And Other 




5anii 


Horses 


Farm Real 


Power and 


^'Agricultural 


,Year 




and Mules 


Estate 1 


Machinery 


Chei]?ica4.S2 


191'0 ^ 
1920* ^ 


100 


, 100* 


100' — 


^ 100 


100 


; 107 


' 102 


* 98 


'160 


133 


1930 


'^102 


' 78 


99 » 


^ 200 


183 


1940 " 


092 ' 


59 ' 


" lOQ 


210 


.233 


1950 


68 


31 ^ 


101* 


415 


- 500 


1960 


- 46 


14 


96 


475 


833 


1970 


'29 ' 


NDA 




505 


1830 ' ^ 


1975 


27 




. 92 


: 530 • 


• 2262 



1 - Includes service buildings and improvements on land. ' ^ * 

2 - Includes fertilizer, lime aiid pesticides, 
NDA - No Data Available 

Source: "Changes In Farih Productivity and Efficiency", USDA #233 

i 

/-^ . TABLE II ! , 

' ^Indexes of the Prices of F^rm Resources 



'A. 





^Farm , . 


Farm » 


Farm 




^ Year 


Wage Rates , 


Realms tatej 


?<Cachlnery 


Fertiliser 


^950 


100 


iOO 


loo 


100 


1955 




131 


113 


108 


1960 


U8 


171 


138 


106 ' 


1965 


171 1 


>2U V ^ 


154 ; 


106'. 




255 i 

V 


286 


. 194 


103 ' 



- 95 



8,9' 



Student TABLE-' I 
Questioite ^ , ' 

' l: What conclu'sions can you draw from Table I 
about changing factors of production used 
4 • in fanning? 



Which factors of production have declined 
in -use? Which have increased? Which have 
stayed cibout the same? , ' , 



3. As the use of farm labor, horses and mules 
has declined, what factors. of productipn . 
have taken their placet 



4. Which of the fetors of prodiaction are most 
energy-intensive? 



5. What factors explain why there have been 
changes in the ty^^e- of farm inputs? 



J 



1, 'Which prices have increased, decreased, or 
stayed about the ^ame? 



2. Which prices haye increased the most? 



J 



^ '3. How-'have th^ increases in the costs of the 
factors' of {production on the farm affected 
their use? 



What' reasons can^ yc3\^give for different 
rates of increase in the cost inputs? 




In 1973 the cost of oil and natural gas 
nearly quadrupled. What effect might this 
^ve on the relative price of fertilizer? 
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Activity 9 ^ Crop Drying: How Does It 
Use Energy Directly? 



A WORKSHEET 



Introduction 



This worksheet provides information and data on 
the use of a fossil fuel in drying com. Vflien 
yoa finish reading the background infoinnation and 
the available data, you should answer each question, 
listed below the i'eadings. 



Background 
Information " 




Modern On-tJie-Pa'rm Crop Drying 

Corn can be harvested as soon as it matures or 
it can be allowed to stand in the field after it 
•m^atures, for several week^ before it is harvested. 
However, if com is left to dry in the fi^ld tdo 
long, 2t significant portion of ^the crop may be 
lost to weather damage, bleaching, mold,' fungi, 
birds and rodents. It has ^also been demonstrated 
that automatic com pickers operate more efficiently 
/if the Qom has not been alloyed to dry in the field. 

If , corn is harvested as. soon a^ it matures, crop 

16s3es will be- reduced significantly. However,* 
the moisture conteipt of t:he corn must be ifeduced 
from 30% to 13% before it can be safely stored. 
Historically, cor||^as been harvested and natural- 
ly-dried in ventiHPbed cribs. It is now common 
practice to harvest the moist corn and dry it using 
heaters. The principal, fuel for the grain dryers 
''is LP (liquid petroleum) gas. 

As. the cost of LP gas" increases and as the supplies , 
diminish, farmers may have to develop new techniques 
for the drying of crops,- These new techniques . 
can be utilized if they are economically feasible* 
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The^ following information was collected from a 
study conducted by the University of Maryland 
for the United States Department of Agriculture. 

1. The average pirice of LP gas was approximate'/- 
" ly 30 cents per gallon in 1973^ ' 

2. One- gallpn of LP gas will reduce the moisture 
content of 6 bushels of 'Corn from 30.% to 
13%. 

3. The value of corn at thfe farm in 1973 was 
approximately $3.^0 per bushel. 

4. Corn crop production averaged 80 bushels - 
per acre in- 1973. 

Suppose Vou are a j^rmer with' most of your Midwest 
farm acreage in corn'. You must" choose betv^een using 
LP gas to dry your corn, or allowing it to^ry 
by itsel'f in the fields. 

1. You have planted 25 acres of corn. How many 
bushels- of corn can you expect to harvest? * 



2. It takes 1 gallon of LP "gas to dry every 6 bushels 
of corn. How many gallons will you use to dry 
your total corn crop? • , ' 



3. How much would the gas cost you? 

4. If you^ choose to let the fl^Plm dry by itself ij(j 
the field, you could lose^as lAuch as. 5% of yout 
total crop. iVhat would thisx mean in dollars?- 

5. How much would the ^rice of LP gas have to, i?i- 
crease bjefore it wcttM make more* sense efconomireal- 

'jflf for you 'to' use nature's drying mejthod? ' ^» 

6. What are some ways crops can be damaged if . they 
are left standing in the fields? List them. 

7. Suppose you must consider using other methods 
than LP gas to drv corn. What could you then 
do?' 
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Activity 10 ^^Tierbicides: j 
An Indirect Use of Energy^ 



Energy Input - Energy Output = Net Energy "Profits' 



The following inforinati.on was taken; firom a Kifnriesota 
study in 1974. You /need not consider' energy used 

directly in preparing for and planting the crop, 
conventional method of preparation was used cini was 

^ the ^ame in all three methods of weed control. 1 



ENERGY RELATIONSHIPS IN WEED CONTROL 



METHOD 
OF WEED 
CONTROL 


ENERGY INPUT FOR ' 
CONTROLLING WEEDS 
(kcal/acre) 


7 

YIELD CORN/ACRE 


NET ENERGY 
"PROFIT" (DUEv 
ONLY TO WEED \ 
CONTROL) 
(kcal/acre) 


Bushels 


* Kilocalories 


V 

1. No weed 
' control 
method. 




54 




0 


2. Cultiva- 
tion 
metho'd. 

3. Herbi-o 
cide 

spraying 
method. 


> 

56,005 . 
37,920 . 


81 
' 90 




2,665,595 ^ 
3,590,880 ^ 




1 f ^ 
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Student 1. Suppose a fanner chooses the fitst method' S ' i. 
Ques:tions , listed on the chart. Why might he decide to'*" \" 

use weed control? 



^ ^ 2. What is the energy difference (in kilocalories) 
^ v"*"-*-. ^ between the tw© methods^© ;weed control? 



'3^^ .^Wh^ dp you think there are more kiTocalories. 



used in the cultivation method? 



^lie cha'rt doesn't show how. energy is consumed 
when manufacturers make herbicides. Energy ig 
also consum^xi in other steps before it gpts ' 
to the farm*.' List these energy-consuming* steps. 



There are 100, 800*»kilocalories per acre' produced in 
the 1974 study. ,s Write the kilocalories • per bushel^' 
fQr each weed control method in the blanks on the ■ 
chart: Which method produced the most kilocalories 
per bushel—no weed control, cultivation, use of 
herbicides ? How can you prove it? 



Net energy in kilocalories/acre as calculated "from 
the data of thp Minnesota stjy^^shbw tHe-^^et ^ergy • 
"profit" due ^ only to we^^t^tr(?l~.(s€g^oJ.umn 4^' ^ 
of the^chart). What is %he . di^^er>9Cii^^rn:^t - vy Z 
energy between the herbao;L^/i^^t^^^^ pfi^-; 



Xi2 
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the ather methods? ^'^''^^^^ ^ 



|Ac;tility 1 1 ^ Eating Wild Foods: 
V u ' ^ . ' Is It o Reasonable 

• o»> • - • " 



• ' <• Questiort? What wild plants have you eaten or presently 



fj^ .Jnt^rvifw Sheet*" /'^ ' eat? ;/What does each of tl^e plants look like? 
"V . I; ^ X} !' . When and where do you collect 1:hein? 

' . J''- V Wh^t are 'the part$ of ey;h» plant which you eat? 

^, $/f What are the ways you would pfepate and/or* cook 

1 ^ I* ' , ' . ..eacji, plant? ^ . . > 

^ ' ' ' ^ ; > \ • • ' * . ' 

3. Are there any precautidns one should take in 

A--' , 'eating any of its'f>arts?' For example, are any 

^ \ : ^ 'y p^rts poisonous or cause one to become ill? 

^ - " * ' Are there only certain times during the 'yjear 

, • ' ' " ' when a part is hamful to humans? 



1;. 



4.* Which plants are steered (or preserved in ''apfhe 
, ^ way) for use at a later time? How do you gO-^ 

! about storing^ for preserving) each plant? 



v5.* Do yo« know of any wild^pl^rits which ^re good 
' treating an/ -ailment? .""foptional cjuestion). 



r.,"- ■ . ' .• • " 103 



id ' 
ERIC y 



INTERVIEW SHfiET 
Interviewer " Person Interviewed 





-NAME 


DESCRIPTION 


LOCATION 


TIME OF YEAR 


PARTS USED 


' PRECAUTIONS 


PREPARATION FOR OSE 


A. 

^ 


1 








K 






B. 
















C. 












• 




D. 


♦ 




*> 

• 


• 


J 






E. 


* 


1 












F. 














• • 


'G. 












- 








• 


s 


^ 






~ Zil 


I. 






■ " 










J. 
















i\ • 




• 




A- 








L. 






■ 














k 
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WILD PLANTS FOR PREPARING A "GARDEN 



SAtAl/ 



PLANT 



LOCATION* 



PARTS USED 



Asparagus 
Bulrush 



Burdock 
(Great) 

Catbriar/ 
Greenbriar 



"Cattail 



Chickweed 
r 

Chicory 



Well drained open field, 
woods 

' Shallow water or waters* 
edge « 

Roadsides, vacant lots 



North Dakota east to 
Texas, found growing on 
brush and trees 

Ponds , ditches , swamps 



Plains East and West 
Coast in fields and 
waste places 

Plains E'ast and West 
Coast in fields an'd 
waste places 



Curled Dock Fields Pwaste ground 



Dandelion Fields, yards, waste 

areas ^ 



Tender shoots 



White base of stem 



Peeled stalk before 
flowers appear 

Tender shoots and 
leaves 



Peeled roots, young 
shoots,- white core 
of stem, flov/ering 
ends" before yellow 
pollen appears \ 

Young leaves and 
stems 



.Young leaves 



Very young basal 
leaves , 

Very young leaves, 
white base of leaves 
attached to root 
crown 



Evening^ North. Dakota • south to 

Primrose Texas and East, dry 

roadsides and fields 

Grapes (wild) Climbing in trees and 



Jerusalem 
Artichoke 



brush 



Ooen areas 



Young shoots 



Tender ends in 
spring 

Sliced tuber 



Unless otherwise i^ndicated found throughout the Coat'inental 
United States. , 



' PLANT 



4, LOCATION* 



^Lamb's ^' 
Quarters 



Dry open' areas 



Onion (wild) / Open dry areas 



Plantain 
( common ) 

Purslane 



Pigweed 
(Amaranth) 

Raspberry 



Opeft areas cvnd open 
soil ' , , 

Open soil 



Open areas, waste areas 
Opeji waste areas 



Sheep Sorrel .Open areas, gardens 



Wood Sorrel 
(Yellow) 



Strawberry 



Sweet Flag 
'(Calamus) 



Water cress 

Winter cress 
Violets 



'North' Dakota south to 
Texas east;,v/oods, waste 
aifeas 

High ground,* woods, 
waste areas • . 

North Dakota south to 
Texas east, river bays 
and swamps 

Spring fed streams that' 
do not fjreeze throughout 
the United States 

Plowed and open ground 
'Woods 

1 



PARTS US 



Young leaves 
Bulbs 

Young leaves 



Young leaves and 
stalks i. 

Young tips and 
leaves 

Fruits, peeled 
young shoots 

Leaves 

Leaves, flowers and 
stems . 



Young, leaves, fruit 
Peeled stalks 

Young leaves 



Leaves* of spring 
plant (rosette) 

Young leaves and 
flowers 



SEASONINGS 



Salt 



Peppier 



Ashes -of sunflowers, hickory bark 
or coltsfoot Ifeaves; raw stems of 
Samphire . 

Drd^ed and crushed smart weed leaves 
Powdered Jack-in-the-Pulpit root 
Chopped fresh root of Pepperwort 
prushed' seeds of black mustard, 
charlock^ or rape 
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CONDIMENT 

V 

Fresh. sliced roots of Indian -Cucumber and Wild 
Ginger 



DRESSING 

Utilizing a standard formula for diluted vinegar, 
malt, cider or wine (never white), you <:an ex- , 
periment with adding different combinations of the 
listed herbs and spices. Be creative 1 

Wild Ginger (roots) 
Shepherd's Purse (seeds) 
Greenbriar (roots) 
Wild Allsx^ice (fruit) 
Mustard (seeds) 

Sheep Sorrel (leaves) " • 

Catnip (leaves) 
Penny Royal (leaves) 
Worm Wood 
Bayberry (leaves) 

Wild onion and garlic (seeds, bulbs, leaves) 
Sweet Flag (roots) 
Horseradish (roots) 

If you would prefer to make your own vinegar th^n 
you can experiment with sweet tree saps as a prime 
source of ^vinegar. The simplest way to make your 
own vinegar is to start a yeas.t fermentation 'in 
sweet tree saps, but leave them open to the air; • 
they are Almost certain to turn to vinegar, ^ 

All Birches ' Spring 

. Butternut Spring 

Hickory ' - Spring 
All Maples Spring 
Black Walnut Spring ^ ^ 
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Description 


Location 


Distance 
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Abundance 


Common Name 




Family 
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CALORIC CONTENT, OF WILD AND GARSElt VEGETABLES 



WILD VEGETABLE 

Green Amaranth* 
Wild Asparagus* 
Chicory Greens* 
Dcuidelion Greens* 
Lamb's Quarters^ 
Poke Shoots* 
' Purslane 
Watercress* 
Curled Dock 



ifood energy 
c41ories/l6o g 



36 
26 
20 
45 
43 
23 
-21 
19' 
28, 



Some commonly eaten domestic green vegeteible for comparison, 



^GARDEN VEGETABLE^ 

Cabbage 

Celery 

Endive 

Iceberg Lettuce 
Leaf Lettuce. 
• Green Onions 
Green Peppers 
Spinach 
Swiss Chard 



V 



24 
* 15. 
20 
13 
18 
36 
22 
26 
25 



description and dri;ections '"for use of these wild foods 
given in stalking^ the .l^ild \sparagus , M^Kay, 1961. 
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